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(54) Solenoid valve device 

(57) A solenokl valve device (10; 200; 300; 400) 
includes an engine valve (12) which can move in an 
axial direction thereof, an armature (56, 42; 204; 304) 
which moves with the engine valve (1 2), an electromag- 
net {SB, 60, 62, 64; 202; 302) which attracts the engine 
valve so that the engine valve (12) moves in the. axial 
direction, and a zero-lash adjuster (40; 308; 402, 404) 
mechanism which is interposed between the engine 
valve (12) and the armature (56, 42; 204; 304). Thus, 
the solenoid valve device (10; 200; 300; 400) can posi- 
tively actuate an engine valve (12) between a fully 
closed position and a fully opened position without for- 
mation of a clearance between the engine valve (12) 
and the armature (56, 42; 204; 304). A current supplied 
to the electromagnet may be set in accordance with a 
value which is related to a relative position of the arma- 
ture and the electromagnet. 
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Description 



be achies^ed by a solenoid valve device, comprising: 



BACKGROUND OF THE iNVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a solenoid 
valve device, and particularly to a solenoid valve which 
actuates an engine valve by an armature attracted by an 
electromagnet. 

2. Description of the Related Art 

[0002] Conventionally, as disclosed in Japanese 
Laid-Open Patent Application No. 7-332044, there is 
known , a solenoid valve having an engine valve which 
functions as an intake valve or an exhaust valve of an 
internal combustion engine. In this, solenoid valve, an 
armature is connected to the engine valve, and electro- 
magnets are disposed above and below the armature, 
respectively. The electromagnets exert electromagnetic 
forces on the armature in a valve-closing direction and a 
valve-opening direction, respectively. The engine valve 
is so constructed that it is seated on a valve seat pro- 
vided to a cylinder head of the engine when the arma- 
ture is in contact with the electromagnet for closing. 
Thus, according to the above-mentioned conventional 
solenoid valve, the engine valve can be moved between 
a fully opened position and a fully closed position by 
alternately energizing the electromagnets. 
[0003] Generally, the cylinder head of the engine is 
heated to a high temperature in association with com- 
bustion in a combustion chamber. Thus, the engine 
valve is also heated to a high temperature by heat trans- 
. ferred from the cylinder head. In this case, the cylinder 
head and the engine valve thermally expand to different 
extents due to a difference in a thermal capacity and a 
thermal expansion coefficient. If the engine valve ther- 
mally expands to a greater extent than the cylinder 
head, the engine valve may not be seated on the valve 
seat when the armature is in contact with the electro- 
magnet for closing. In this case, a clearance is gener- 
ated between the engine valve and the valve seat. 
Similarly, when the valve seat or the engine valve is 
worn away, the engine valve may not be seated on the 
valve seat. 

SUMMARY OF THE INVENTION 

[0004] It is a first object of the present invention to 
provide a solenoid valve device which can positively 
actuate an engine valve between a fully closed position 
and a fully opened position without formation of a clear- 
ance between the engine valve and an armature. 
[0005] It is a second object of the present invention 
to properly control a current supplied to an electromag- 
net of the solenoid valve device. 
[0006] The first object of the present invention can 
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an engine valve which can move in an axial direc- 
tion thereof; 

an armature which moves with the engine valve; 
an electromagnet which attracts the engine valve 
so tiiat the engine valve moves in the axial direc- 
tion; and 

a zero-lash adjust^r mechanism which is inter- 
posed between the engine valve and the armature. 



[0007] In this invention, the zero-lash adjuster 
mechanism is interposed between the engine valve and 
the armature. Thus, a change in a spacing between the 

IS engine valve and the armature can be compensated for 
by the zero-lash adjuster mechanism so that formation 
of a clearance between the engine valve can be pre- 
vented. Therefore, according to tills invention, it is pos- . 
sible to positively actuate the engine valve while 

20 preventing formation of a clearance between the arma- 
ture and the engine valve. When there is no clearance 
between the armature and the engine valve, the arma- 
ture does not impact on the engine valve when tiie 
engine valve is actuated. Thus, according to tiie present 

2S invention, it is also possible to reduce an operating 
sound of the solenoid valve. 

[0008] In this case, the zero-lash adjuster mecha- 
nism may be a displacement-compensating mechanism 
which can expand in accordance witii an increase in a 

30 spacing between the engine valve and the armature. 
[0009] In this invention, an increase in the spacing 
between the engine valve and the armature can be 
compensated for by an expansion of the zero-lash 
adjuster mechanism. Thus, formation of a clearance 

35 between the engine valve can be prevented irrespective 
of a change in the spacing therebetween. Therefore, 
according to this invention, it is possible to positively 
actuate the engine valve while reducing an operating 
sound of the solenoid valve device. 

40 [001 0] In this case, the displacement-compensating 
mechanism may be constituted so that it can expand 
when the engine valve is in a dosed position. 
[0011] In this invention, the displacement-compen- 
sating mechanism can expand when the engine valve is 

45 in a closed position. A change in a spacing between the 
engine valve and the armature is generated when the - 
engine valve reaches a closed posrtion. Thus, formation 
of a clearance between the engine valve and the arma- 
ture can be effectively prevented by the displacement- 

50 compensating mechanism expanding when the engine 
valve is in a closed position; 

[0012] In the solenoid valve device of the present 
invention, at least part of the displacernent-compensat- 
ing mechanism may be disposed inside the electromag- 
55 net. 

[0013] in this invention, since at least a part of the 
displacement-compensating mechanism is disposed 
inside the electromagnet, a total height of the solenoid 



2 



3 



EP 1 002 938 A2 



4 



valve device need not be enlarged by a full height of the 
displacement-compensating mechanism. Thus, accord- 
ing to this invention, it Is possible to reduce the total 
height of the solenoid valve device. 
[0014] Additionally, in the solenoid valve device of 
the present invention, the zero-lash adjuster mecha- 
nism may comprise: 

a displacement-compensating mechanism which 
can expand when no compressing force is exerted 
thereon: 

a swing arm which is connected to one end of the 
displacement-compensating mechanism so that 
the swing arm can swing around the one end and is 
in contact with both the armature and the engine 
valve so that the armature moves in a valve-closing 
direction when the displacement-compensating 
mechanism expands. 

[001 5] In this invention, in a state where the engine 
valve is opened, the armature exerts a force on the 
swing ant in the valve-opening direction. Since the 
swing arm is in contact with both the armature and the 
engine valve so that the armature moves in the valve- 
closing direction when the displacement-compensating 
mechanism expands, the force exerted on the swing 
arm in the valve-opening direction by the armature is 
transmitted to the displacement-compensating mecha- 
nism as a compressing force. In this case, the displace- 
ment-compensating mechanism is not allowed. 
[0016] On the other hand, in a state where the 
engine valve is closed, the armature does not exert a 
force on the swing arm in the valve-opening direction. In 
this case, the displacement-compensating mechanism 
is allowed to expand since no compressing force is 
verted thereon. Thus, when a spacing between the 
engine valve and the armature increases, that is, when 
the armature shifts in the valve-closing direction relative 
to the engine valve, in a state wher^ the engine valve Is 
closed, the displacement-compensating mechanism 
expands so that the swing arm swings so as to maintain 
a state in which the swing arm Is in contact with both the 
armature and the engine valve. 
[001 7] In this way, formation of a clearance between 
the engine valve and the armature can be prevented. 
Additionally, since only the swing arm moves in accord- 
ance of a movement of the engine valve and the dis- 
placement-compensating mechanism is maintained 
still, a mass of a movable part of the solenoid valve 
device can be reduced. Thus, according to this inven- 
tion, it is possible to improve a response of the solenoid 
valve device. 

[0018] Additionally, the displacement-compensat- 
ing mechanism may be a hydraulic zero-lash adjuster 
which can expand by being supplied with an oil pres- 
sure. 

[0019] In this case, the solenoid valve device may 
further comprise an oil pressure supplying mechanism 



for supplying an oil pressure to the hydraulic zero-lash 
acljuster when the engine valve is closed. 
[0020] In this invention, in a state where the engine 
valve is closed, an oil pressure in the hydraulic zero-lash 

5 acQuster is maintained to be relatively low since no com- 
presslhg force is exerted thereon. Thus, by supplying an 
oil pressure to the hydraulic zero-lash adjuster in such a 
state, it is possible to reduce a required oil pressure to 
be supplied to the hydraulic zero-lash adjuster. 

10 [0021] The above-mentioned second object of the 
present invention can be achieved by the solenoid valve 
device further comprising: 

a current source which supplies a current to tiie 

IS electromagnet; 

a current setting part which sets the current sup- 
plied to the electromagnet by the current source to 
be a value which is different from a value used in a 
regular situation for a predetermined period after 

20 tiie hydraulic zero-lash adjuster starts being sup- 
plied with an oil pressure. 

[0022] In this invention, immediately after the 
hydraulic zero-lash adjuster starts being supplied with 

25 an oil pressure, the hydraulic zero-lash adjuster does 
not sufficientiy expand. In this case, a position of the 
armature is shifted toward the engine valve as com- 
pared to a regular state (that is, a state in which the 
hydraulic zero-lash adjuster has expanded so as to can- 

30 eel a clearance between the engine valve and the arma- 
ture). On the other hand, a cun^ent to be supplied to the 
electromagnet to exert a required electromagnetic force 
on the armature changes in accordance with a distance 
between the armature and the electromagnet Thus. 

35 according to this invention, it is possible to exert a 
proper electromagnetic force on the armature by setting 
a current supplied to the electromagnet to be a value 
which is different from a value used in a regular situation 
for a predetermined period after the hydraulic zero-lash 

40 adjuster starts being supplied with an oil pressure. 
[0023] The above-mentioned second object of tiie 
present invention can also be achieved by a controller 
for controlling the solenoid valve device comprising: 

45 a current source which supplies a current to the 
electromagnet; 

a relative position detector which detects a value 
which is related to a relative position of the arma- 
ture and the electi'omagnet; and 
50 a current setting part which sets the current sup- 
plied to the electromagnet by the current source in 
accordance with the value detected by the relative 
position detector. 

55 [0024] In this invention, a current to be supplied to 
the electromagnet is set in accordance with a distance 
between the armature and the electromagnet. Thus, 
according to this invention, since the current supplied to 
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the electromagnet is set in accordance with a value 
related to a relative position of the armature and the 
electromagnet, a proper force can be exerted on the 
armature so that the engine vatve can be positively 
actuated. . 5 

[0025] In this case, the value related to the relative 
position of the armature and the electromagnet may be 
a time which has elapsed after the hydraulic zero-lash 
adjuster stops being supplied with an oil pressure until 
the hydraulic zero-iash adjuster starts being supplied 10 
with an oil pressure. 

[0026] In this invention, in a state where the hydrau- 
lic zero-lash adjuster is supplied with no oil pressure, 
the hydraulic zero-lash adjuster gradually contracts with 
a passage of time since oil leaks out from the hydraulic is 
zero-lash adjuster. The relative position of the armature 
and the engine valve changes in accordance with the 
contraction of the hydraulic zero-lash adjuster. Thus, the 
time which has elapsed after the hydraulic zero-lash 
adjuster stops being supplied with an oil pressure until 20 
the hydraulic zero-lash adjuster starts being supplied 
with an oil pressure is related to the relative position of 
the engine valve and the armature. 
[0027] Additionally, the value related to the relative 
position of the armature and the electromagnet may be 25 
ah oil pressure which is supplied to the hydraulic zero- 
lash adjuster. 

[0028] In this invention, an amount of expansion of 
the hydraulic zero-lash adjuster changes in accordance 
with an oil pressure supplied to the hydraulic zero-lash 30 
adjuster. The relative position of the armature and the 
engine valve changes in accordance with the contrac- 
tion of the hydraulic zero-iash adjuster, as mentioned 
above. Thus, an oil pressure which Is supplied to the 
hydraulic zero-lash adjuster is related to a relative posi- 35 
tion of the armature arxJ the electromagnet. 
[0029] The solenoid valve device may further com- 
prise a failure detector which detects a failure in a sys- 
tem for supplying an oil pressure to the hydraulic zerp- 
lash adjuster, wherein the value related to the relative 4o 
position of the armature and the electromagnet is 
related to the failure detected by the failure detector. 
[0030] In this invention, when a failure has occurred 
in the system for supplying an oil pressure to the 
hydraulic zero-lash adjuster, the oil pressure supplied to 4S 
the hydraulic zero-lash adjuster decreases. An amount 
of expansion of the hydraulic zero-lash adjuster 
changes in accordance with the oil pressure supplied to 
the hydraulic zero-lash adjuster and a relative position 
of the armature and the electromagnet changes in so 
accordance with an amount of expansion of the hydrau- 
lic zero-lash adjuster. Thus, the value related to a rela- 
tive position of the armature and the electromagnet can 
be related to the failure in the system for supplying an oil 
pressure to the hydraulic zero-lash adjuster. ss 
[0031] Other objects and further features of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 



accompanying drawings. 

BRIEF DESCRIP TION OF THE DRAWINGS 

[0032] 

FIG.1 is. a diagram showing a cross section of a 
solenoid valve device according to a first embodi- 
ment of the present invention; 
FIG.2 is a diagram showing a relationship between 
a tappet clearance and an operating sound of the 
solenoid valve device; 

F1G.3 is a diagram showing an enlarged cross sec- 
tion of a zero-lash adjuster and neighboring parts 
thereof; 

F1G.4A is a diagram showing a displacement of the 
engine valve moving between a fully closed position 
and a fully opened position; 
F1GS.4B and 4C are diagrams showing waveforms 
of vibrations generated in association with the 
movement of the engine valve in a case where the 
zero-lash adjuster is not provided and in a case 
where the zero-lash adjuster is provided, respec- 
tively; 

FIG.5 is a cross-sectional view showing a process 
of assembling the zero-lash adjuster; 
FIG.6 is a cross-sectional view showing another 
process of assembling the zero-lash adjusteir; 
FIG.7 is a diagram showing cross section of a sole- 
noid valve device of a second embodiment accord- 
ing to the present invention; 
FIQ.8 is a diagram showing a cross section of a 
solenoid valve device of a third embodiment 
according to the present invention; 
F1G.9 is a diagram showing an enlarged axial cross 
section of the zero-lash adjuster; 
FIG. 10 is a diagram showing a cross section of a 
solenoid valve device of a fourth embodiment 
according to the present invention; 
FIG.1 1 is a diagram showing an enlarged cross 
section of a zero lash adjuster and neighboring 
parts thereof in the present embodiment; 
FIG.1 2 is a diagram schematically showing a top 
view of an arrangement in which an armature shaft 
and the zero-lash adjuster are offset with respect to 
the engine valve in an outwardly radial direction of a 
cylinder bore of an engine; 
FIGS.13A and 13B are diagrams showing instruc- 
tion currents supplied to an upper coil and a lower 
coil, respectively, after an ignition switch is turned 
on until the engine valve starts being actuated 
between the fully closed position and the fully 
opened position in a fifth embodiment of the 
present embodiment; 

FIG.13C is a diagram showing a displacement of 
the engine valve when the instruction currents 
shown in FIGS.13A and 13B are supplied to the 
respective coils; 
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FIG. 14 is a diagram showing a relationship 
between a position of the armature and an electro- 
rnagnetlc force acting between the armature and a 
lower core when a cunrent supplied to the lower coil 
is changed in three steps; 

FIG. 15 is a diagram showing a map which is 
refered to so as to determine the instruction cur- 
rents l[_ and \\j in an initial actuation in accordance 
with a position of the armature; 
FIG.16 is a diagram showing a perspective view of 
an arrangement for detecting a position of the 
armature; 

FIG. 17 is a diagram showing an axial cross section 
of a valve guide and a valve shaft in the present 
embodiment; 

FIG.18 is a diagram showing changes in a relative 
position of gap sensors and a recessed part pro- 
vided on a valve shaft when the engine valve moves 
from the fully closed position to the fully opened 

position; 

FIG.1 9 is a diagram showing a change in the output 
voltage V when the engine valve moves from the 
fully closed position to the fully opened position; 
FIG.20 is a flowchart performed by an ECU in the 
present embodiment; 

F1G.21 is a diagram showing an example of an 
arrangement for directly detecting a position of the 
armature using a gap sensor; 
FIG.22 is a diagram showing an example of an 
arrangement for directly detecfting a position of the 
armature using a laser distance sensor; 
F[GS.23A and 23B are diagrams schematically 
showing the solenoid valve device when the arma- 
. ture is in the fully opened position in a case where 
leak-down of the zero-lash adjuster has not 
occurred and. in a case where leak-down of the 
zero-lash adjuster has occurred, respectively; 
FIGS-24A and 24B are diagrams showing instruc- 
tion currents supplied to the upper colt and the 
lower coil, respectively, in a sixth embodiment of the 
present invention; 

FIG.25 is a diagram showing a flowchart of a rou- 
tine performed by the ECU in the present embodi- 
ment; 

FIG.26 is a diagram showing an example of a rela- 
tionship between a valve stopping time Ts and a 
displacement of the armature toward the lower core 
from a reference neutral position; 
FIG.27 is a map which is referred to so as to deter- 
mine the values 1^^, 1^2 of the attracting current 1^ 
and the values 1^1. Ih2 of the holding current (h 
based on the valve stopping time Tg in a seventh 
embodiment of the present invention; 
F1G.28 Is diagram showing a flowchart of a routine 
performed by the ECU in the present embodiment; 
FIGS.29A to 29E are diagrams showing changes in 
an engine speed, a supplied oil pressure P, a tappet 
clearance, an attracting current to the upper coil. 



and an attracting current to the lower coij 62 in an 
eighth embodiment of the present invention; 
FIG.30 is diagram showing a flowchart of a routine 
performed by the ECU in the present embodiment; 

5 FIG.31 is a diagram showing an example of a map 

which is referred to so as to determine correction 
values All and AI2 in the routine shown In FIG.30; 
FIQ.32 is a diagram showing a flowchart of a rou- 
tine performed by the ECU in a ninth embodiment 

10 of the present invention; 

FIG. 33 is a diagram showing an example of a map 
which is referred to so as to determine the correc- 
tion values Alt and AI2 in the routine shown in 
FIG.32; and 

IS FIG.34 is a routine performed by the ECU 11 in a 
tenth embodiment of the present invention. 

. DESCRIPTION O F THE PREFERRED EMBODI- 
MENTS 

20 

[0033] FIG.1 is a diagram showing a cross section 
of a solenoid valve device 1 0 according to a first embod- 
iment of the present invention. The solenoid valve 
device 10 of the present embodiment is provided to 
25 each of intake valves and exhaust valves of an internal 
cohibustion engine. The solenoid valve device 10 is 
controlled by an electronic control unit (hereinafter 
referred to as an ECU) 11. 

[0034] As shown in FIG.1 , the solenoid valve device 

30 10 has an engine valve 12 which functions as an intake 
valve or an exhaust valve. The engine valve 12 is dis- 
posed in a lower head 16 so that the engine valve 12 is 
exposed in a combustion chamber 14 of the engine. A 
port 18 Is formed In tiie lower head 16. An opening part 

35 of the port 18 into the combustion chamber 14 is pro- 
vided with a valve seat 20 associated with the engine 
valve 12. The port 18 communicates with the connbus- 
tion chamber 14 when the engirie valve 12 is released 
from the valve seat 20, and the port 16 is disconnected 

40 from the combustion chamber 1 4 when the engine valve 
12 is seated on the valve seat 20. 
[0035] A cylinder head spacer 24 Is provided on a 
top of the lower head 16 via a thermal insulation plate 
22. The thermal insulation plate 22 is a sheet-like mem- 

45 ber formed from a thermally insulating material such as 
Bakelite. and functions to prevent heat generated in the 
combustion chamber 14 from being transferred to the 
cylinder head spacer 24. An upper head 25 is provided 
on a top of the cylinder head spacer 24. 

50 [0036] The engine valve 12 comprises a valve shaft 
2@ extending upwardly. The valve shaft 26 is guided by 
a valve guide 28 so that the valve shaft 26 can move in 
an axial direction. The valve guide 28 Is held in the lower 
head 16. The lower head 16 Is provided with a spring 

55 containing space 30 which is cyllndrically formed and 
surrounds a substantially upper-half part of the valve 
shaft 26. An upper end part of the valve guide 28 is 
exposed in the spring containing space 30. A valve stem 
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seal 31 is mounted on an upper end of the valve guide 
28. 

[0037] A cotter 32 is mounted on the valve shaft 26 
at a position near an upper end thereof. The cotter 32 is 
a substantially cylindrical member having a taper- s 
shaped outer surface whose diameter increases toward 
an upward direction. A projection is formed on an inner 
surface of the cotter 32. The projection is fitted into a 
recess formed on a surface of the valve shaft 26. A 
lower retainer 34 is fitted around the cotter 32. io 
[0038] A spring seat 36 is disposed on a bottom 
face of the spring containing space 30. A lower spring 
38 is disposed between the spring seat 36 and the lower 
retainer 34. The lower spring 38 exerts a resilient force 
on the lower retainer 34 so as to push the engine valve is 
12 in an upward direction, that is, in a direction in which 
the engine valve 12 approaches the valve seat 20. In 
this specification, an upward direction, that is, a direc- 
tion in which the engine valve 12 approaches the vatve 
seat 20 may also be referred to as a vaive-closing direc- 20 
tion. Additionally, a downward direction, that is, a direc- 
tion in which the engine valve 12 moves away from the 
valve seat 20 may also be referred to as a valve-closing 
direction. 

[0039] An armature shaft 42 is disposed coaxially 25 
with the valve shaft 26. A zero-lash adjuster 40 is inter- 
posed between the armature shaft 42 and the valve 
shaft 26. A detailed description of the zero-lash adjuster 
40 will be given later. 

[0040] A cotter 44 is mounted on an upper end part 30 
of the armature shaft 42. The cotter 44 has a structure 
which is symmetric to the cotter 32 in the axial direction. 
An upper retainer 46 Is fitted around the cotter 44. A 
lower end of an upper spring 48 abuts on a top surface 
of the upper retainer 46. A cylindrical upper case 50 is 3S 
provided around the upper spring 48. An adjuster bolt 
52 is screwed on a top part of the upper case 50. An 
upper end of the upper spring 48 is supported by a 
spring guide 54 which is interposed between the 
adjuster bolt 52 and the upper spring 48. The upper 40 
spring 48 pushes the armature shaft 42 via the upper 
retainer 48 in a downward direction. 
[0041 ] An armature 56 is fixed to the armature shaft 
42 at a substantially center position in the axial direc- 
tion. The armature 56 is an annular member which is 45 
formed from a soft magnetic material. An upper coil 58 
and an upper core 60 are disposed above the armature 
56. Additionally, a lower coil 62 and a lower coil 64 are 
disposed below the armature 56. The upper coil 58 and 
the lower coil 62 are contained in annular recesses 60a, so 
64a, respectively, formed in the upper core 60; and the 
lower core 64; respectively. 

[0042] The upper coil 58 and the lower coil 62 are 
electrically connected to an actuating circuit 65. The 
actuating circuit 65 supplies instruction currents in ss 
accordance witii control signals supplied from tiie ECU 
11. 

[0043] The upper core 60 and the lower core 64 



have through holes 60b and 64b, respectively, which go 
though the^ center parts tiiereof. An upper bush 66 is 
disposed in an upper end part of the through hole 60b. 
Additionally, a lower bush 68 is disposed in a lower end 
part of the through hole 64b. The armature shaft 42 is 
guided by the upper bush 66 and the lower bush 68 so 
that the armature shaft 42 can move in the axial direc- 
tion. The upper core 60 includes a flange 60c formed at 
an upper end part thereof. Similarly, the lower core 64 
includes a flange 64c formed at a lower end part 
thereof. 

[0044] A lash-adjuster containing space 24a is 
cylindrically formed in the cylinder head spacer 24. The 
lash-adjuster containing space 24a goes through the 
cylinder head spacer 24 coaxially w'rth tiie above-men- 
tioned spring containing space 30. The zero-lash 
adjuster 40 is supported in the lash-adjuster containing 
space 24a. A raised part 24b which is upwardly raised is 
formed on an upper surface of the cylinder head spacer 
24 around an opening part of the lash-adjuster contain- 
ing space 24a. Further, a cylindrical part 24c is formed 
on a top of the raised part 24b. 
[0045] A cylindrical core containing space 25a is 
formed in the upper head 25. The core containing space 
25a goes through the upper head 25 coaxially with the 
spring containing space 30 and the lash-adjuster con- 
taining space 24a. The upper core 60 is inserted into 
the core containing space 25a so that the flange 60c 
abuts on an upper face of the upper head 25 via a shim 
70. On the other hand, the lower core 64 is inserted into 
tiie core containing space 25a so that tiie flange 64c 
abuts on a lower face of the upper head 25. The flange 
60c of the upper core 60 is supported between the 
upper head 25 and a flange 50a formed at a lower end 
of the upper case 50. Additionally, ftie flange 64c of the 
lower core 64 Is supported between tiie upper head 25 
and a lower bracket 72. 

[0046] The upper case 50 and the lower bracket 72 
are fixed to the upper head 25 by fixing bolts 74, 76 so 
that the upper core 60 and the lower core 64 are fixed 
with a predetermined spacing being formed therebe- 
tween. In such a state, a predetermine clearance is 
provided between the raised part 24b of the cylinder 
head spacer 24 and a lower surface of the lower core 
64. A neutral position of the armature 56 is adjusted by 
the above-mentioned adjuster bolt 52 so as to be at a 
central position between the upper core 60 and the 
lower core 64. 

[0047] Oil supply passages 80 and 82 are formed in 
the cylinder head spacer 24. The oil supply passages 
80 and 82 are connected to each other. Pressurized oil 
is supplied to the oil supply passage 82 from an oil 
pump 83. The oil pump 83 is actuated by, for example, 
using a rotation of an output shaft of the engine as a 
power source. The oil supply passage 80 opens on an 
inner wall of the lash-adjuster containing space 24a at a 
predetermined position. 

[0048] A pressure sensor 84 is provided to a pas- 
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sage connecting the oil pump 83 and the oil supply pas- 
sage 82. The pressure sensor 84 delivers a signal to the 
ECU 1 1 in accordance with an oil pressure in the pas- 
sage, that is, an oil pressure which is supplied to the 
zero-lash adjuster 40. IHereinafter, this oil pressure is 
referred to as a supplied oil pressure P. The ECU 1 1 
detects the supplied oil pressure P based on the signal 
delivered by the pressure sensor 84. The pressure sen- 
sor 84 may be provided to the oil supply passage 82 or 
80. 

[0049] An oil collecting passage 85 is also formed in 
the cylinder head spacer 24. An upper end of the oil col- 
lecting passage 85 opens on an upper surface of the 
cylinder head spacer 24 at a part near the raised part 
24b, and a lower end of the oil collecting passage 85 
opens into the spring containing space 30. The upper 
end part of the oil collecting passage 85 is constituted 
by drilled holes 85a, 85b so that the oil collecting pas- 
sage 85 has a large opening area on the upper surface 
of the cylinder head spacer 24. The oil collecting pas- 
sage 85 functions to collect oil which has flown out 
above the zero-lash adjuster 40 and to supply the col- 
lected oil into the spring containing space 30 so as to 
provide lubrication of the valve shaft 26. 
[0050] Next, a description will be given of an opera- 
tion of the solenoid valve device 10. 
[0051] When a current is supplied to the upper coil 
58, an electromagnetic force is exerted on the armature 
56 in a direction toward the upper core 60. Thus, the 
armature 56 moves upwardly against the resilient force 
of the upper spring 48 until the armature 56 comes into 
contact with the upper core 60, as shown in FIG.1. In 
this state, the engine valve 12 is seated on the valve 
seat 20. Hereinafter, a position of the armature 56 or the 
engine valve 12 in the above-mentioned state where the 
armature is in contact with the upper core 60 is referred 
to as a fully closed position. 

[0052] When the current to the upper coil 58 is cut 
off in the state where the engine valve 12 is in the fully 
closed position, an electromagnetic force which is 
required to maintain the armature 56 in the fully closed 
position disappears. In this case, the armature shaft 42 
starts moving downwardly together with the engine 
valve 1 2 due to the resilient foi'ce of the upper spring 48. 
Thus, the engine valve 12 is released from the valve 
seat 20. When a current is supplied to the lower coil 62 
at a time when the armature shaft 42 reaches a prede- 
termined position, an electromagnetic force is gener- 
ated which pushes the armature 56 toward the lower 
core 64. 

[0053] When the above electromagnetic force is 
exerted on the armature 56, the armature 56 moves fur- 
ther downwardly against the resilient force of the lower 
spring 38 until the armature 56 comes into contact with 
the lower core 64. Hereinafter, a position of the arma- 
ture 56 or the engine valve 12 in a state where the 
armature .56 is in contact with the lower core 64 is 
refenred to as a fully opened position. When the current 



to the lower coil 62 is cut off in this state, an electromag- 
netic force which is required to maintain the armature 56 
in the fully opened state disappears. In this case, the 
armature shaft 42 starts moving upwardly together with 
5 the engine valve 12 by the resilient force of the lower 
spring 38. 

[0054] When a current is supplied to the upper coil 
58 at a time when the armature shaft 42 reaches a pre- 
determined position, the armature 56 moves upwardly 

10 by an electromagnetic force generated by the upper coil 
58 until the armature 56 comes into contact with the 
upper core 60. In the state where the armature 56 is in 
contact with the upper core 60, the engine valve 12 is 
seated on the valve seat 20, as mentioned above. 

IS [0055] In this way, according to the present embod- 
iment, it is possible to actuate the engine valve 12 
between the fully closed position and the fully opened 
position by alternately supplying currents to the upper 
coil 58 and the lower coil 62 at proper timings. 

20 [0056] As mentioned above, the engine valve 12 is 
exposed in the combustion chamber 14 of tiie engine. 
Thus, the engine valve 12 is rapidly heated by high heat 
in the combustion chamber 14 being directly transferred 
thereto. On the other hand, since the lower head 16 has 

25 a relatively large thermal capacity, the lower head 16 is 
moderately heated as compared to the engine valve 12. 
Accordingly, a temperature of the engine valve 12 
becomes higher than a temperature of the lower head 
16. and as a result, the engine valve 12 thermally 

30 expands to a greater extent than the lower head 1 6. 
[0057] In such a situation, if the engine valve 1 2 and 
the armature shaft 42 are rigidly connected to each 
other in the fully closed state, the engine valve 1 2 is pre- 
vented from expanding in the valve-closing direction by 

35 the armature shaft 42. and, thus, the engine valve 12 
expands in the valve-opening direction. That is, tiie 
engine valve 12 moves in the valve-opening direction 
with respect to the valve seat 20, and a clearance is 
fbrrhed between the engine valve 12 and the valve seat 

40 20. Similarly, when contacting surfaces of the engine 
valve 12 and the valve seat 20 are worn, a clearance is 
form^ between the engine valve 12 and the valve seat 
20. In this way. if the engine valve 12 and the armature 
shaft 42 are rigidly connected to each other, it may not 

45 be possible to fully close the engine valve 12 due to a 
difference in the thermal expansion between the engine 
valve 12 and the lower head 16 or wear of the engine 
valve 1 2 and the valve seat 20. 
[0058] The above problem can be avoided by pro- 

50 viding a clearance between the arrhature shaft 42 and 
the valve shaft 26 in a state where the armature 56 is in 
contact with the upper core 60 and the engine valve 12 
is seated on the valve seat 20. that is. in a state where 
the armature 56 and the engine valve 12 are in the fully 

55 closed position. This clearance Is generally called a tap- 
pet clearance. However, when the tappet clearance is 
provided, an operating sound of the solenoid valve 
device 10 becomes large for the following reason. 
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[0059] That is, when the engine valve 12 moves 
from the fully closed position to the fully opened posi- 
tion, a first Impact sound is generated when the arma- 
ture shaft 42 impacts on the valve shaft 26, and then a 
second impact sound is generated when armature 56 
impacts on the lower core 64. On the other hand, when 
the engine valve 12 moves from the fully opened posi- 
tion to the fully closed position, a first impact sound is 
generated when the engine valve 12 impacts on the 
valve seat 20, and then a second impact sound is gen- 
erated when the armature 56 impacts on the upper core 
60. In this way, impact sounds are generated twice in 
each case, resulting in an increased operating sound of 
the solenoid valve device 10. 

[0060] FIQ.2 is a diagram showing a relationship 
between the tappet clearance and an operating sound 
of the solenoid valve device 10. As shown in FIG.2, a 
larger operating sound is generated for a larger tappet 
clearance. This is due to a fact that, as the tappet clear- 
ance becomes larger, a speed with which the armature 
. shaft 42 impacts on the valve shaft 26 becomes higher 
and thus a larger impact sound is generated. Therefore, 
if a larger tappet clearance is provided so as to compen- 
sate for a larger difference in the thermal expansion 
between the engine valve 12 and the lower head 16 or 
larger wear of the engine valve 12 or the valve seat 20, 
the operating sound of the solenoid valve device 10 
becornes larger 

[0061] For the above-mentioned reason, it is not 
desirable to provide a tappet clearance between the 
valve shaft 26 and the armature shaft 42 In view, of 
reducing the operating sound of the solenoid valve 
device. 

[0062] In the solenoid vaive device 10 of the 
present embodiment, the zero-lash adjuster 40 which is 
interposed between the armature shaft 42 and the valve 
shaft 26 functions to positively move the engine valve 1 2 
to the fully closed position irrespective of the above- 
mentioned difference in the thermal expansion of the 
engine valve 12 and the lower head 16 or wear of the 
engine valve 12 and the valve seat 20, without causing 
an increase in the operating sound of the solenoid valve 
device 10. Now, a detailed description will be given of 
the zero-lash adjuster 40. 

[0063] FIG.3 is a diagram showing an enlarged 
cross section of the zero-lash adjuster 40 and neighbor- 
ing parts thereof. The state shown in FIG.3 is achieved 
when the armature 56 is in contact with the upper core 
60. 

[0064] As shown in FIQ,3, the zero-lash adjuster 40 
includes a plunger body 100. The plunger body 100 is a 
cylindrical member' with a lower end thereof being . 
closed. The plunger body 100 is supported in the lash- 
adjuster containing space 24a so that it can slide in the 
axial direction. A spring retaining part 1 00a is formed 
inside the plunger body 100 in a lower part thereof. 
Additionally, a plunger retaining part 100b having a 
larger diameter than that of the spring retaining part 



100a is formed inside the plunger txxiy 100 above the 
spring retaining part 100a. 

[0065] A plunger 102 is supported in the plunger 
retaining part 100b so that it can slide in the axial direc- 

5 tion. A hydraulic pressure chamber 104 is defined by a 
bottom surface of the plunger 102 and a bottom surface 
of the spring retaining part 100a. 
[0066] The plunger 102 has a large-diameter part 
102a which slides on an inner surface of the plunger 

10 . retaining part 100b. Additionally, the plunger 102 has a 
small-diameter part 102b provided at an upper end 
thereof. A stopper ring 106 is pressed in an upper end 
of the plunger retaining space 100b. The stopper ring 
106 has a diameter which is smaller than a diameter of 

15 the targe-diameter part 102a of the plunger 102. There- 
fore, an upward movement of the plunger 1 02 inside the 
plunger body 100 is limited by the stopper ring 106 
being engaged with a step between the large-diameter 
part 102a and the small-diameter part 102b. The 

20 plunger 102 also has a reservoir 108 which outwardly 
opens and a connecting passage 110 which connects 
the reservoir 108 and the hydraulic pressure chamber 
104. 

[0067] A retainer 1 1 2 and a plunger spring 1 1 4 are 

25 disposed in the hydraulic chamber 104. The plunger 
spring 114 pushes the plunger 102 in an upward direc- 
tion via the retsuner 1 12. A check ball 116 and a check 
ball spring 118 are disposed inside the retainer 112. 
The check ball spring 118 pushes the check ball 116 

30 toward an opening of the connecting passage 110. The 
check ball 116 and the check ball spring 118 function as 
a check valve which opens only when a pressure in the 
hydraulic pressure chamber 104 is lower than a pres- 
sure in the reservoir 108 by a predetermined value. 

35 [0068] The zero-lash adjuster 40 also includes a 
reservoir cap 120. The reservoir cap 120 is a substan- 
tially cylindrical member with a lower end thereof being 
closed. The reservoir cap 120 is disposed inside the 
lash-adjuster containing space 24a so that it can slide in 

40 the axial direction with an outer bottom face of the res- 
ervoir cap 120 being in contact with an upper end face 
of the plunger 1 02. A part of the outer bottom face of the 
reservoir cap 120 is cut off to form an overflow recess 
122. The overflow recess 122 always communicates 

45 with the reservoir 1 08. 

[0069] A lower end face of the armature shaft 42 is 
in contact with an inner bottom face of the reservoir cap 
120. On the other hand, an upper end face of the valve 
shaft 26 is in contact with an outer bottom face of the 

50 plunger body 100. The above-mentioned oil supply pas- 
sage 82 opens on an internal wall of the lash-adjuster 
containing space 24a so that the oil supply passage 82 
communicates with the overflow recess 122 in a state 
shown in FIG.3 (that is. a state where the armature 56 is 

55 in contact with the upper core 60). 

[0070] When the upper coil 58 is de-energized in 
the state shown in FIG.3, an actuating force is exerted 
on the armature shaft 42 In the valve-opening direction. 
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as mentioned above. This force is transmitted to the 
plunger 102 via the reservoir cap 120. When the force 
transmitted to the plunger 1 02 exceeds a resilient force 
114 of the plunger spring 114, oil contained in the 
hydraulic pressure chamber 104 is pressurized by the 5 
plunger 102 being pressed in a downward direction. 
Thus, a pressure in the hydraulic pressure chamber 104 
becomes higher than a pressure in the reservoir 108, 
and, as a result, the connecting passage 110 is closed 
by a check ball 116, When the connecting passage 1 1Q 10 
is thus closed, a flow of oil between the hydraulic pres- 
sure chamber 104 and the reservoir 108 is prohibited. In 
this case, the actuating force is transmitt^ to the 
plunger body 100 via the hydraulic pressure chamber 
104, and, thus, the zero-lash adjuster 40 moves in the is 
valve-opening direction together with the armature shaft 
42 and the engine valve 12. 

[0071] In a process in which the zero-lash adjuster 
40 moves in the valve-opening direction, oil in the 
hydraulic pressure chamber 104 gradually leaks out 20 
through the sliding surface between the plunger 102 
and the plunger body 100. Thus, the zero-lash adjuster 
40 slightly contracts in the axial direction in accordance 
with the leakage of oil. 

[0072] When the lower coil 62 is de-energized after 25 
the armature has come into contact with the lower core 
64, the armature 56 starts moving in the valve-closing 
direction. After the valve 12 is seated on the valve seat 
20. a resilient force of the lower spring 38 is no longer 
exerted on the plunger body 1 00, while the armature 56 so 
moves in the valve-closing direction by a small distance 
corresponding to. an amount of the contraction of the 
zero-lash adjuster 40. Jn this case, the plunger 102 is 
pushed toward the reservoir cap 120 by a resilient force 
of the plunger spring 114, and, as a result, a pressure in 35 
the hydraulic pressure chamber 104 is decreased. 
When the pressure In the hydraulic pressure chamber 
104 becomes lower than a pressure in the reservoir 
108, the hydraulic pressure chamber 104 and the reser- 
voir 108 are connected to each other by the check ball 40 
116 being released from an opening of the connecting 
passage 110. As mentioned above, when the engine 
valve 12 is seated on the valve seat 20, the overflow 
recess 122 communicates with the oil supply passage 
82. Thus, when the hydraulic pressure chamber 104 4S 
and the reservoir 108 are connected to each other, 
pressured oil is supplied to the hydraulic pressure 
chamber 1 04 from the oil supply passage 82 via the res- 
ervoir 108. In this case, the plunger 102 moves in an 
upward direction until the armature 56 comes into con- so 
tact with the upper core 60, with a state where the 
plunger 102 is in contact with the reservoir cap 120 
being maintained. 

[0073] As mentioned above, the zero-lash adjuster 
is a mechanism having the following function: ss 

in a state where the engine valve 12 is released 
from the valve seat 20 and thus a force is verted 



on the plunger body 100 in the valve opening direc- 
tion by the reservoir cap 120 as a reaction force to 
tiie resilient force of the lower spring 38, that is. in a 
state where an axial conrpressing force is exerted 
on the zero-lash adjuster 40, the zero-lash adjuster 
moves together with tiie armature shaft 42 and tiie 
engine valve 12 while gradually contracting; and 
in a state where the engine valve 12 is seated on 
the valve seat 20 and thus no compressing force is 
exerted on tiie zero-lash adjuster 40, the plunger 
102 is allowed to move relative to the plunger body 
100 so that the zero-lash adjuster 40 axially 
expands. 

[0074] According to this function of the zero-lash 
adjuster 40, it is possible to prevent a clearance from 
being formed between the valve shaft 26 and the arma- 
ture shaft 42 when the engine valve 12 is in the fully 
closed position. 

[0075] It shouM be noted that a change in a dis- 
tance between the valve shaft 26 and the armature 
shaft 42 due to a difference in tine thermal expansion 
between the engine valve 12 and the lower head 16 or 
wear of the engine valve 12 and the valve seat 20 
occurs slc>wly. Therefore, an amount of the change in 
the distance between the valve shaft 26 and the arma- 
ture shaft 42 is quite small during a period in which the 
engine valve 12 moves back and forth between the fully 
closed position and the fully opened position. Such a 
small change in the distance can be compensated for by 
tiie zero-lash adjuster 40, which has been slightiy con- 
tracted when the engine valve 12 is opened, expanding 
when the engine valve 12 has returned to the fully- 
closed position. 

[0076] Thus, according to the solenoid valve device 
1 0 of the present embodiment, it is possible to positively 
actuate the engine valve 12 between the fully closed 
position and the fully opened position without formation 
of a clearance between the armature shaft 42 and the 
valve shaft 26. 

[0077] FIG.4A is a diagram showing a displacement 
of tfie engine valve moving between a fully closed posi- 
tion and a fully opened position, and FIGS.4B and 4C 
are diagrams showing waveforms of vibrations gener- 
ated in association with tiie movement of the engine 
valve 12 in a case where the zero-lash adjuster 40 is not 
provided (tiiat is, in a case where a tappet clearance is 
provided) and in a case where the zero-lash adjuster 40 
is provided (that is, in a case of tiie solenoid valve 
device 10 of the present embodiment), respectively. 
[0078] As shown in FIQ.4B, in a case where tiie 
zero-lash adjuster 40 Is not provided, a vibration due to 
an impact between the armature shaft 42 and the valve 
shaft 26 (marked with "a") and a vibration due to an 
Impact between the armature 56 and the lower core 64 
(marked with "b") occur when the engine valve 12 
moves in the valve-opening direction. Additionally, a 
vibration due to an impact between the engine valve 12 
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and the valve seat 20 (marked with "aO and a vibration 
due to an impact between the armature 56 and the 
upper core 60 (marked with "d") occur when the engine 
valve 12 moves in the valve-closing direction. 
[0079] On the contrary, according to the solenoid s 
valve device 10 of the present embodiment, since no 
clearance exists between the armature shaft 42 and the 
valve shaft 26, no impact occurs therebetween when 
the engine valve 12 moves in the valve-opening direc- 
tion. Additionall/p the zero-tash adjuster 40 is designed io 
so that the amount of the contraction due to the leakage 
of oil when the engine valve 12 is opened is as small as 
approximately one tenth of a typical value, which is 0.2 
to 0.3 mm. for example, of the tappet clearance. Thus, 
the impact between the engine yalve 12 and the valve is 
seat 20 and the impact between the armature 56 and 
the upper core 60 occur substantially at the same time. 
For these reasons, a vibration occurs only once in each 
of the cases where the engine valve 12 is moving in the 
valve-opening direction and where tiie engine valve 12 20 
is moving in the valve-dosing direction, as shown in 
FIG!4C. Thus, according to the present embodiment, it 
is possible to reduce the operating sound of the sole- 
noid valve device 10 as compared to a case where a 
tappet clearance is provided. 2s 
[0080] Additionally, in the present embodiment, oil 
is supplied to the reservoir 108 and the hydraulic pres- 
sure chamber 104 when the armature 56 is in contact 
with the upper core 60, that is, when the engine valve 1 2 
is in the fully-closed position. When the armature 56 is 30 
in contact with the upper core 60. a pressure in the 
hydraulic pressure chamber 104 becomes low since no 
force is exerted on the reservoir cap 120 in the valve- 
opening direction. According to the present enlbodi- 
ment, since oil is supplied to the hydraulic pressure 3S 
chamber 104 in such a state, it is possible to reduce an 
oil pressure required to be supplied to the oil supply 
passages 80, 82 and thus to miniaturize the oil pump 
83. 

[0081] Additionally, in the present eimbodiment, a 40 
clearance between an inner wall of the lash-adjuster 
containing space 24a and the zero-lash adjuster 40 is 
selected so that the clearance becomes zero in a possi- 
ble coldest condition. Thus, under a normal tempera- 
ture, a clearance is formed around the zero-lash 45 
adjuster 40 and oil can leak out through the clearance 
above and below the zero-lash adjuster 40. In the 
present embodiment, oil which has leaked out above 
the zero-lash adjuster 40 and accumulated in the reser- 
voir cap 120 provides lubrication between the armature so 
shaft 42 and the lower bush 68. Additionally, oil which 
has leaked out above the z^o-lash adjuster 40 and 
flown into the spring containing space 30 via the oil col- 
lecting passage 85 and oil which has leaked out below 
the zero-lash adjuster 40 and directiy flown into the ss 
spring containing space 30 provide lubrication between 
the valve shaft 26 and the valve guide 28. In this way, it 
is possible to effectively utilize the oil which has leaked 



out from the zero-lash adjuster 40 as a lubricant of tiie 
armature shaft 42 and the valve shaft 26. 
[0082] In this connection, since an oil pressure sup- 
plied to the zero-lash adjuster 40 can be set to be low as 
mentioned above, it is possible to reduce an amount of 
the oil leakage. 

[0083] In the solenoid valve device 10, if air is mixed 
into oil in the hydraulic pressure chamber 104, the zero- 
lash adjuster 40 becomes less rigid by the mixed air 
being compressed when the hydraulic pressure cham- 
ber 1 04 is pressurized. In order to avoid such a problem, 
it is necessary to prevent air from being mixed into oil 
when the solenoid valve device 10 is assemble. 
[0084] F1Q.5 is a cross-sectional view showing a 
process of assembling the zero-lash adjuster 40. As 
shown in FIG.5. the zero-lash adjuster 40 is assembled 
by inserting the reservoir cap 120 into the zero-lash- 
adjuster containing space 24a after fitting a cylindrical 
cap 122 around the cylindrical part 24c of the cylinder 
head spacer 24. inserting the plunger body 100 into the 
lash-adjuster containing space 24a, and filling the lash- 
adjuster containing space 24a with oil. 
[0085] In this process, since the solenoid valve 
device 10 is mounted to the engine with the axial direc- 
tion of the solenoid valve device 10 being inclined with 
respect to a vertical direction, a surface of the oil filled in 
the lash-adjuster containing space 24a is inclined with 
respect to a top surface of the cylindrical part 24c. 
Therefore, if the cap 122 is not provided, an opening 
part of the lash-adjuster containing space 24a is 
exposed to air above a surface of the oil in the lash- 
adjuster containing space 24a which is Indicated by a 
dotted, line A in F1G.5. If the reservoir cap 120 is 
inserted into the lash-adjuster containing space 24a in 
such a state, air is mixed into the oil via the exposed 
part. 

[0086] According to the process shown in F1G.5, 
since the cap 122 is provided, the lash-adjuster contain- 
ing space 24a Is completely submerged below the sur- 
face of the oil which is indicated by a solid line B in 
FIQ.5. Thus, by inserting the reservoir cap 122 into the 
lash-adjuster containing space 24a in such a state, it is 
possible to prevent air from being mixed into oil. 
[0087] FIG.6 is a cross-sectional view showing 
another process of assembling the zero-lash adjuster 
40. In the process shown in FIG.6, an annual recess 
123 is formed on a top surface of the raised part 24b 
Instead of providing the cylindrical part 24c, and a pin 
ring 124 is fitted into the annual recess 123. According 
to this process, the reservoir cap 120 can be inserted 
into the lash-adjuster containing space 24a in a state 
where an opening part of the lash-adjuster containing 
space 24a is submerged below a surface of oil, as a 
case of the process shown in FIG.5. Thus, it is possible 
to prevent air from being mixed Into oil. 
[0088] It should be noted that the cap 1 22 or the pin 
ring 1 24 is removed after the zero-lash adjuster 40 has 
been assembled by the process shown in FIG.5 or 
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FIG.6. Thus, it is possible to prevent an increase in a 
total height of the cylinder head spacer 24 due to the 
provision of the cap 122 or the pin ring 124. 
[0089] As mentioned above, according to the proc- 
esses shown in FIGS.5 and 6, it is possible to prevent s 
air from being mixed into oil in the process of assem- 
bling the zero-iash adjuster 40. However, when oil sup- 
plied to the zero-lash adjuster is heated, air which has 
been dissolved in the oil may become bubbles and the 
rigidity of the zero-lash adjuster 40 may be lowered due io 
to the bubbles. 

[0090] In the present embodiment, since the heat 
insulating plate 22 is interposed between the lower 
head 16 and the cylinder head spacer 24, heat in the 
combustion chamber 16 is not easily transferred to the is 
cylinder head spacer 24. Thus, according to the present 
embodiment, it is possible to suppress an increase in 
the temperature of oil in the oil supply passages 80 and 
82 and the zero-lash adjuster 40, thereby preventing 
generation of bubbles in the oil. 20 
[0091] Next, a description will be given of a second 
embodiment of the present invention. 
[0092] FIG.7 is a diagram showing a cross section 
of a solenoid valve device 200 of the present embodi- 
ment. In FIG. 7, parts that are the same as the parts 25 
shown in F1G.1 are given the same reference numerals, 
Eind descriptions thereof will be omitted. As shown in 
FIQ.7, in the present embodiment, the cylinder head 
spacer 24 of the first embodiment is omitted and the 
upper head 25 is mounted on the lower head 16 via the 30 
heat insulating plate 22. Additionally, in the present 
embodiment, the lower core 64 of the first embodiment 
is replaced by a lower core 202. 
[0093] The lower core 202 has a lash-adjuster con- 
taining hole 203 which axially goes through a center of 3S 
the lower core 202. The zero-lash adjuster 40 is sup- 
ported in the lash-adjuster containing hole 203 so that it 
can slide in the axial direction. 

[0094] An outer bottom iace of the plunger body 
100 is in contact with an upper end face of the valve 40 
shaft 26. Additionally, an inner bottom face of the reser- 
voir cap 120 is in contact with a lower end face of an 
armature shaft 204. Since tiie zero-lash adjuster 40 is 
disposed inside the lower core 202, the armature shaft 
204 has a structure achieved by cutting off a lower end 4S 
part of the armature shaft 42 of the first embodiment by 
a length corresponding to an axial length of the zero- 
lash adjuster 40. 

[0095] An oil supply passage 206 is provided in the 
upper head 25 corresponding to each cylinder of the so 
engine. An oil supply passage 207 corresponding to 
each zero-lash adjuster 40 is connected to the oil supply 
passage. Oil is supplied to the oil supply passage 206 
by the oil pump 83. 

[0098] Oil supply passages 208 and 210 which are ss 
connected to each other are provided in the lower core 
202. The oil supply passage 208 is connected to the oil 
supply passage 207. On the other hand, the oil supply 



passage 210 opens on an inner wail of the lash-adjuster 
containing hole 203 so as to be connected to the over- 
flow recess 122 when tiie engine valve 12 is in the fully 
dosed position. Thus, the zero-lash adjuster 40 is sup- 
plied witii an oil pressure via the oil supply passages 
206, 207. 208, and 210. 

[0097] An O ring 21 2 is provided between an upper 
surface of a flange of the lower core 202 and a lower 
surfgice of the upper head 25 so as to surround a con- 
necting portion of the oil supply passages 207 and 208. 
The O ring 212 functions to prevent oil flowing through 
the oil supply passages 206, 208 from leaking out. 
[0098] in the solenoid valve device 200 of tiie 
present embodiment, when the engine valve 12 is 
opened, the zero-lash adjuster 40 slightiy contracts with 
oil leaking out tiirough a sliding surface betvyeen the 
plunger body 100 and the plunger 102, as in the case of 
the solenoid valve device 10 of the first embodiment. 
When the engine valve 12 is seated on the valve seat 
20, the zero-lash adjuster 40 expands until the armature 
56 comes into contact with the upper core 60, being 
supplied with an oil pressure. Thus, according to the 
present enrt>odimenti it is possible to positively actuate 
the engine valve 12 between the fully closed position 
and the fully opened position without forming a clear- 
ance between the engine valve 12 and the armature 
shaft 204, as in a case of the solenoid valve device 10 
of the first embodiment 

[0099] Additionally, in the present embodiment, 
since the zero-lash adjuster 40 is contained inside the 
lower core 202, a full length of the solenoid valve device 
200 is smaller than that of the solenoid valve device 10 
of the first embodiment by an axial length of the zero- 
lash adjuster 40. Thus, according to thie present embod- 
iment, it is possible to reduce a total height of the engine 
while obtaining the above-mentioned effect by the zero- 
lash adjuster 40. 

[0100] Further, in the present embodiment, part of 

011 which has leaked out above the zero-lash adjuster 40 
stays on a top surface of the lower core 202 and inter- 
venes between the armature 56 and the lower core 202 
when the armature 56 impacts on the lower core 202. 
Thus, according to the present embodiment, it is possi- 
ble to danp the impact between the armature 56 and 
tiie lower core 202 by viscosity of oil iso that an operat- 
ing sound of the solenoid valve device 200 can be 
reduced. It should be noted tinat oil which has leaked out 
below the zero-lash adjuster 40 flows into the spring 
containing space 30 and provides lubrication between 
the valve shaft 26 and the valve guide 28. 

[0101] Additionally, in the present embodiment, 
since the oil supply passages 208, 210 are provided 
inside the lower core 202, the lower core 202 can be 
cooled by oil flowing through the oil supply passages 
208, 210. In particular, when the engine valve 12 consti- 
tutes an exhaust valve, it is necessary to supply a large 
current to the lower coil 62 to actuate the engine valve 

12 in tiie valve-opening direction against a high pres- 
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sure in the combustion chamber 14. In this case, high 
heat is generated in the lower core 202. Thus, according 
to the present embodiment, since the lower core 202 
can be cooled by oil flowing through the oil supply pas- 
sages 208, 210 as mentioned above, an increase in a 
temperature of the lower core 202 can be suppressed, 
and therefore the solenoid valve device 200 can be 
applied to an engine which operates with a high revolu- 
tion and a high load. 

[01 02] Next, a description will be given of a solenoid 
valve device 300 of a third embodiment of the present 
invention. FIQ.8 is a diagram showing a structure of the 
solenoid valve device 300. The solenoid valve device 
300 is achieved by providing a lower core 302, an arma- 
ture shaft 304, a valve shaft 306 and a zero-lash 
adjuster 308 instead of the lower core 64, the armature 
shaft 42, the valve shaft 28 and the zero-lash adjuster 
40, respectively, of the solenoid valve device 10 of the 
first embodiment. 

[0103] The lower core 302 has a lash-adjuster con- 
taining hole 310 which axially goes through a center 
thereof. A psut of the zero-lash adjuster 308 is contained 
in the lash-adjuster containing hole 310. 
[0104] The armature shaft 304 has a structure 
achieved by removing a part of the armature shaft 42 
below the armature 56, and the zero-lash adjuster 308 
is disposed immediately below the armature 56. Thus, 
the valve shaft 306 is upwardly extended into the lash 
adjuster-containing hole 310 of the lower core 302, as 
conpared to the valve shaft 28 of the first embodiment. 
A cylindrical part 304a is provided on a lower end face 
of the armature shaft 304. An upper end part 308 of the 
zero-lash adjuster 308 is fitted into the cylindrical part 
304a. 

[01 05] The zero-lash adjuster 308 which is provided 
to the solenoid valve device 300 of the present embodi- 
ment has a sealed structure. FIG.9 is a diagram show- 
ing an enlarged axial cross section of the zero-lash 
adjuster 308. 

[0106] As shown in FIG.9, the zero-lash adjuster 
308 has a plunger body 350. The plunge body 350 is a 
substantially cylindrical member with a lower end 
thereof being closed. A cylindrical part 350a is provided 
on an outer bottom iace of the plunger body 350. An 
upper end part of the valve shaft 306 is fitted into the 
cylindrical part 350a. 

[0107] A plunger 352 is supported inside the 
plunger body 350 so that it can slide in the axial direc- 
tion. A hydraulic pressure chamber 354 is defined 
between an outer bottom face of the plunger 352 and an 
inner bottom face of the plunger body 350. The plunger 
352. is provided with a reservoir 356 which upwardly 
opens and a connecting passage 360 which connects 
the reservoir 356 and the hydraulic pressure chamber 
354. 

[0108] A retainer 362 and a plunger spring 364 are 
disposed in the hydraulic pressure chamber 354. The 
plunger spring 364 upwardly presses the plunger 352 



via the retainer 362. A check ball 366 and a check ball 
spring 368 are disposed inside the retainer 362. The 
check ball spring 368 presses the check ball 366 toward 
an opening of the connecting passage 360. The check 
5 ball 366 and the check ball spring 368 function as a 
check valve which opens only when a pressure in the 
hydraulic pressure chamber 364 is lower than a pres- 
sure in the reservoir 356. 

[0109] The zero-lash adjuster 308 also includes a 

10 reservoir cap 370. The reservoir cap 370 is a substan- 
tially cylindrical member with an upper end thereof 
being closed. The reservoir cap 370 is supported inside 
the plunger body 350 so that it can slide in the axial 
direction with a lower end face of the reservoir cap 370 

15 being in contact with an upper end face of the plunger 
352. The reservoir 356 of the plunger 352 and an inner 
space of the reservoir cap 370 constitute a reservoir 
chamber 372. The zero-lash adjuster 308 contains oil to 
a predetermined level in the reservoir chamber 372. 

20 [01 10] A small diameter part 370a is provided on an 
upper end part of the reservoir cap 370. The small 
diameter part 370a upwsu-diy projects from the plunger 
body 350 and is fitted into the cylindrical part 304a of 
the armature shaft 304. Connecting holes 374 are pro- 

25 vided on a bottom part of the small diameter part 370a. 
The connecting holes 374 connect the reservoir cham- 
ber 372 and a space outside the reservoir cap 370. 
[01 1 1 ] An annular recess 376 is formed on an outer 
circumferential surface of the reservoir cap 370. The 

30 annular recess 376 is connected to the reservoir cham- 
ber 372 via connecting holes 378 which open on a bot- 
tom of the annular recess 376. On the other hand, an 
annular recess 380 is formed on an internal circumfer- 
ential surface of the plunger body 350. The annular 

35 recess 376 and the. annular recess 380. are positioned 
so that they communicate with each other in a normal 
operating state of the solenoid valve device 300. 
[0112] An annular seal member 382 is provided on 
an upper end of the plunger body 350. An inner circum- 

40 ferential face of the seal member 382 is engaged with 
an outer circumferential surface of the small diameter 
part 370a of the reservoir cap 370. As will be described 
below, the seal member 382 functions to prevent oil 
which has upwardly leaked out through the sliding sur- 

45 face between the reservoir cap 370 and the plunger 
body 350 from leaking out to the outside of the zero-lash 
adjuster 308. 

[0113] According to the above-mentioned structure 
of the zero-lash adjuster 308, when the engine valve 12 

50 is actuated in the valve-opening direction, oil in the 
hydraulic pressure chamber 354 is pressurized by a 
force acting on the plunger 370 in the valve-opening 
direction. In this case, a flow of oil between the hydraulic 
pressure chamber 354 and the reservoir chamber 372 

55 is prohibited by the check ball 366 closing the connect- 
ing passage 360. Thus, the zero-lash adjuster 308 
moves in the valve-opening direction together with the 
armature shaft 304 and the engine valve 12 while allowr 
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ihg oil to gradually leak out through the sliding surface 
between the plunger 352 and the plunger body 350. In 
this process, the zero-lash adjuster 308 contracts by a 
slight extent corresponding to an amount of oil which 
has leaked out. 5 
[0114] Oil which has leaked out downwardly 
through the sliding surface between the plunger 352 
and the plunger body 350 is collected to the reservoir 
chamber 372 via the connecting holes 378. Additionally, 

011 which has leaked out upwardly through the sliding io 
surface between the reservoir cap 370 and the plunger 
body 350 is prevented from flowing out by the seal 
member 382 and collected to the reservoir chamber 372 

via the connecting holes 374. 

[0115] When the valve 12 returns to be seated on is 
the valve seat 20, a resilient force of the lower spring 38 
is no longer exerted on the plunger body 350. On the 
other hand, the armature 56 continues to move In the 
valve-closing direction by a slight distance correspond- 
ing to an extent of the contraction of the zero-lash 20 
adjuster 308 after the valve 12 is seated on the valve 
seat 20. In this case, since the plunger 350 and the res- 
ervoir cap 370 are upwardly pressed toward the arma- 
ture shaft 304 by a resilient force of the plunger spring 
364, an oil pressure In the hydraulic pressure charrdser 25 
354 is decreased. Due to this pressure decrease, the 
check ball 366 is released from the opening of the con- 
necting passage 360, and thus the hydraulic pressure 
chamber 354 and the reservoir chamber 372 are con- 
nected to each other, in such a situation, since oil is 30 
allowed to flow from the reservoir chamber 372 into the 
hydraulic pressure chamber 354, the zero-lash adjuster 
308 expands until the armature 56 comes into contact 
with the upper core 60. Thus, it is possible to maintain a 
state in which the armature shaft 304 and the reservoir 35 
cap 370 are in contact with each other and the plunger 
352 and the valve shaft 306 are in contact with each 
other. 

[01 1 6] Additionally, a change in a distance between 
the valve shaft 26 and the armature shaft 304 due to a 40 
difference in the thermal expansion between the engine 
valve 12 and the lower head 16 or wear of the engine 
valve 12 and the valve seat 20 can be compensated for 
by the zero-lash adjuster 308, which has been slightly 
contracted when the engine valve 12 is opened, 4s 
expanding when the engine valve 12 is closed, as in the 
case of the zero-lash adjuster 40. 
[0117] Thus, according to the zero-lash adjuster 
308, it is possible to positively actuate the engine valve 

12 between the fully closed position and the fully so 
opened position while preventing formation of a clear- 
ance between the armature shaft 304 and the engine 
valve 12. 

[01 1 8] Additionally, since the zero-lash adjuster 308 
is of a sealed type in which all of oil which has leaked 55 
out from the hydraulic pressure chamber 354 is col- 
lected to the reservoir chamber 372 via the connecting 
holes 378 or 374, it is unnecessary to supply oil to the 



zero-lash adjuster 308. Thus, contrary to the solenoid 
valve devices 10, 200 of the first and second embodi- 
ments, oil supply passages and an oil pump for supply- 
ing oil to the zero-lash adjuster 308 need not be 
provided and thus a cost of the solenoid valve device 
300 can be reduced. 

[0119] Further, since the zero-lash adjuster need 
not slide on an inner wall of the lash-adjuster containing 
hole 310, an energy loss caused by a sliding resistance 
can be avoided. 

[0120] Additionally, due to the sealed structure of 
the zero-lash adjuster 308, the zero-lash adjuster 308 
may project from the lower core 308 when the engine 
valve 12 is in the fully closed position, as shown in 
FIQ.8. 

[0121] Next, a description will be given of a fourth 
ennbodiment of the present Invention. FIG. 10 is a dia- 
gram showing a cross section of solenoid valve device 
400 of the fourth embodiment according to the present 
invention. In FIG. 10, parts that are the same as the 
parts shown in FIG.1 are given the same reference 
nurnerals, and descriptions thereof will be omitted. The 
solenoid valve device 400 of the present embodiment is 
achieved by offsetting center axes of the armature shaft 
42 and the valve shaft 26 to each other and replacing 
the zero-lash adjuster 40 of the first embodiment with a 
swing arm 402 and a zero-lash adjuster 404. 
[01 22] As shown in FIG. 1 0, a lash-adjuster contain- 
ing space 406 is formed in the cylinder head spacer 24. 
The swing arm 402 is contained in the lash-adjuster 
containing space 406. Additionally, a lash-adjuster sup- 
porting hole 408 is formed on an upper surface of the 
lower head 16. The zero-lash adjuster 404 is supported 
in the lash-adjuster supporting hole 408. 
[0123] FIG.1 1 is a diagram showing an enlarged 
cross section of the zero lash adjuster 404 and neigh- 
boring parts thereof. As shown in FIG.1 1, the zero-lash 
adjuster 404 has a plunger body 410. The plunger body 
410 Is a substantially cylindrical member with one end 
(lower end in FiG.11) being closed. The plunger body 
410 is fitted into the lash-adjuster containing hole 408 
so that an upper end part of the plunger body 410 
upwardly projects from the lash-adjuster containing hole 
408. A plunger 412 is disposed inside the plunger body 
410 so that it can slide in the axial direction. The plunger 
412 is a substantially cylindrical member which includes 
a reservoir space 414 therein. A pivot part 412a having 
a hemispheric shape is provided on an upper end of the 
plunger 412. 

[0124] A space inside the plunger body 410 below 
the plunger 412 constitutes a hydraulic pressure cham- 
ber 416. The plunger 412 is provided with a connecting 
passage 418 which connects the reservoir space 414 
and the hydraulic pressure chamber 416. 
[0125] A retainer 420 and a plunger spring 422 are 
disposed in the hydraulic chamber 416. The plunger 
spring 422 upwardly presses the plunger 412 via the 
retainer 420. A check ball 424 and a check ball spring 
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426 are disposed inside the retainer 420. The check ball 
spring 426 presses the check ball 424 toward an open- 
ing of the connecting passage 424. 
[0126] Annular recesses 428 and 430 are provided 
on an outer circumferential surface and an inner circum- 
ferential surface, respectively, of the plunger body 410. 
The annular recesses 428 and 430 are connected to 
each other by a connecting hole 432. 
[0127] An oil supply passage 434 Is formed in the 
lower head 16 corresponding to each cylinder of the 
engine. An oil supply passage 436 corresponding to 
each zero-lash adjuster 404 is connected to the oil sup- 
ply passage 434. The oil supply passage 436 opens on 
a inner wall of the lash-adjuster containing hole 408 so 
as to be connected to the annular recess 428. The oil 
supply passage 434 Is supplied with oil from the oil 
pump 83 not shown in FIG.1 1 . 

[0128] An annuleur recess 438 is provided on an 
outer circumferential sur^ce of the plunger 412. The 
annular recess 438 is positioned so as to communicate 
with the annular recess 430 of the plunger body 410 in 
a normal operating state of the solenoid valve device 
400. Additionally, the annular recess 438 is connected 
to the reservoir space 414 via connecting holes 440 
which open on a bottom of the annular recess 438. 
[0129] An adjuster connecting part 402a is provided 
on a bottom surface of the swing arm 402 near a left end 
thereof in FIG.1 1. The adjuster connecting part 402a Is. 
a recessed part having a substantially hemispheric 
shape corresponding to a shape of the pivot part 412a 
of the plunger 412. Additionally, a valve-shaft contacting 
part 402b is provided on a bottom face of the swing arm 
402 near a right end thereof in FIG.1 1. The valve-shaft 
contacting part 402b Is a raised part having a curved 
surface (a spherically shaped surface, for example). 
Further, an armature contacting part 402c is provided 
on an upper surface of the swing arm 402 at a position 
corresponding to an intermediate position between the 
adjuster connecting part 402a and the valve-shaft con- 
tacting part 402b. The armature contacting part 402c is 
a part having a moderately curved (or planer) surface. 
[0130] The pivot part 412a of the plunger 412 is fit- 
ted in the adjuster connecting part 402s of the swing 
arm 402. Thus, the swing arm 402 can swing relative to 
the zero-lash adjuster 404 around an apex of the pivot 
part 402a. On the other hand, an upper end face of the 
valve shaft 26 Is in contact with the valve-shaft contact- 
ing part 402b. Additionally, a lower end face of the arma- 
ture shaft 42, which end face has a raised and curved 
(spherical, for example) surface, is in contact with the 
armature-shaft contacting part 402c. Thus, the swing 
' arm 402 can smoothly swing while maintaining a state 
in which the swing arm 402 is in contact with the arma- 
ture shaft 42 and the valve shaft 26. 
[0131] Hereinafter, a distance between a contact 
point of the armature contacting part 402c and armature 
shaft 42 and an apex of the pivot part 412a is indicated 
by LI , and a distance between a contact point of the 



armature contacting part 402c and the armature shaft 
42 and a contact point of the valve-shaft contacting part 
402b and the valve shaft 28 is indicated by L2. 
[01 32] According to frie above-mentioned structure, 

5 when the upper coil 58 is de-energiz^ in a state where 
the armature 56 and the engine valve 12 are maintained 
in the fully closed posftion, a resilient force of the upper 
spring 48 is transmitted to the armature 56 as a force in 
the valve-opening direction. This force is in turn trans- 

10 mitted to the plunger 412 of the zero-lash adjuster 404 
as a downward force by leverage of the swing arm 402 
with the contact point of the valve-contacting point 402b 
and the valve shaft 26 being a fulcrum. When a down- 
ward force is transmitted to the plunger 412, the con- 

15 necting passage 418 is closed by the check ball 424 
since the hydraulic pressure chamber 416 Is pressu- 
rized. In this case; a flow of oil between the reservoir 
chamber 414 and the hydraulic pressure chamber 416 
is prohibited. Thus, the zero-lash adjuster 404 contracts 

20 to a slight extent corresponding to an amount of oil 
Which leaks out through a sliding surface between the 
plunger 41 2 and the plunger body 41 0. 
[01 33] Therefore, when a force is transmitted to the 
armature 56 in the valve-opening direction, the swing 

25 arm 402 downwardly swings around the pivot part 41 2a 
of the plunger 412. In this case, a force transmitted to 
the armature 56 in the valve-opening direction (that is, a 
force transmitted to the armature contacting part 402c 
of the swing arm 402 from the armature shaft 42) 

30 divided by a lever ratio R=(L1+L2)/L1 is transmitted to 
the valve shaft 26 from the valve-shaft contacting part 
402b, and thus the engine valve 12 is actuated In the 
valve-opening direction. 

[0134] When the engine valve 12 is actuated in the 

35 valve-closing direction, a resilient force of the lower 
spring 38 is transmitted to the valve-contacting part 
402b of the swing arm 402 from the valve shaft 26 as an 
upward force. In this case, a downward force is transmit- 
ted to the plunger 41 2 of the zero-lash adjuster 404 from 

40 the adjuster connecting part 402a by a leverage of the 
swing arm 402 with the contact point of the armature 
shaft 42 and the armature contacting part 402c being a 
fulcrum. Thus, the swing arm 402 upwardly swings 
around the pivot part 412a with the zero-lash adjuster 

46 404 slightly contracting, as in the atx3ve-mentioned 
case where the engine valve 12 is opened. The force 
transmitted to the valve-shaft contacting part 402b mul- 
tiplied by the above-mentioned lever ratio R is transmit- 
ted to the armature shaft 42 and thus the armature shaft 

50 42 and the engine valve 12 are actuated together in the 
valve-closing direction. 

[0135] When the engine valve 12 is seated on the 
valve seat 20. the downward force is no longer exerted 
on the plunger 412 of the zero-lash adjuster 402 since 
55 the resilient force of the lower spring 38 is not transmit- 
ted to the valve-shaft contacting part 402b of the swing 
arm 402. In this state, the swing arm 402 is downwardly 
inclined around the valve-shaft contacting part 4Q2b to a 
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slight extent corresponding to an extent of the contrac- 
tion of the zero-lash adjuster 404 as compared to a 
state at a time when the engine valve 1 2 started moving 
in the valve-opening direction from the fully closed posi- 
tion. Thus, the armature 56 further moves in the valve- 
closing direction by a distance corresponding to the 
extent of the inclination of the swing arm 402 until the 
armature 56 comes into contact with the upper core 60. 
[0136] (n this case, since the plunger 412 is 
upwardly pushed by a resilient force of the plunger 
spring 422, an oil pressure in the hydraulic chamber 416 
is decreased. Thus, the dieck ball 424 is released from 
the cpening of the connecting passage 418 allowing a 
flow of oil from the reservoir space 41 4 into the hydraulic 
pressure chamber 416, and the plunger 412 moves in 
an upward direction. As a result, the swing arm 402 
upwardly swings around the valve-shaft contacting part 
402b while maintaining a state in which the armature 
shaft 42 is in contact with the armature-shaft contacting 
part 402c. 

[0137] Thus, according to the solenoid valve device 
400 of the present embodiment, clearances are pre- 
vented from being formed between the swing arm 402 
and the armature shaft 42 by the swing arm 402 swing- 
ing in association with the expansion of the zero-lash 
adjuster 404 when the engine valve 12 is seated on the 
valve seat 20. Additionally, a change in a distance 
between the valve shaft 26 and the armature shaft 42 
due to a difference in the thermal expansion between 
the engine valve 12 and the lower head 16 or wear of 
the engine valve 12 and the valve seat 20 can be com- 
pensated for by the zero-lash adjuster 404, which has 
been slightly contracted when the engine valve 12 is 
opened, expanding when the engine valve 12 is seated 
on the valve seat 20, as in the case of the zero-lash 
adjuster 40. 

[0138] In this way, it is possible to positively actuate 
the engine valve 12 between the fully closed position 
and the fully opened position while preventing formation 
of a clearance between the engine valve 12 and the 
armature shaft 42, that is, wNle maintaining a state in 
which both the engine valve 12 and the armature shaft 
42 are in contact with the swing arm 402. 
[0139] Additionally, only the swing arm 402, which 
has a sufficiently small height as compared to a height 
of the zero-lash adjuster 404, is interposed between the 
engine valve 12 and the armature shaft 42. Thus, 
according to the present embodiment, it is possible to 
reduce a total length of the solenoid valve device 400 
and thus to suppress an increase in a height of the 
engine, as compared to a structure in which a zero-lash 
adjuster is interposed between the engine valve 12 and 
the armature shaft 42. 

[0140] Further, in the present embodiment, the 
swing arm 402 swings in association with the movement 
of the engine valve 12 while the zero-lash adjuster 404 
is maintained still. That is, a mass of the zero-lash 
adjuster 404 is not included in a mass of a movable part 



of the solenoid valve device 400 but only an equivalent 
inertial mass of the swing arm 402 swinging around the 
pivot part 412a is included in the mass of the rhovable 
part. Thus, according to the present embodiment, it is 

5 possible to reduce an inertial mass of the movable part 
of the solenoid valve device 400 thereby Improving a 
response of the solenoid valve device 400. 
[0141 ] Additionally, due to the arrangement in which 
center axes of the zero-lash adjuster 404, the armature 

10 shaft 42 and the valve shaft 26 are offset with respect to 
each other, the solenoid valve device 400 can be 
mounted to the engine with a higher degree of freedom. 
That is, the offset directions of the armature shaft 42 
and the zero-lash adjuster 404 with respect to the 

15 engine valve 12 can be arbitrarily changed in accord- 
ance with a structure of the engine. 
[01 42] FIG. 1 2 is a diagram schematically showing a 
top view of an arrangement in which the armature shaft 
42 and the zero-lash adjuster 404 are offset with 

20 respect to the engine valve 12 in an outwardly radial 
direction of a cylinder bore 450 of the engine. FIG. 12 
shows a positional relationship between the armature 
shafts 42, the upper and lower cores 60, 64 (generally 
referred to as cores 452), center axes 404a of the zero- 

25 lash adjusters 404, the swing arms 402, intake valves 
454 constituted by the engine valves 12, and exhaust 
valves 456 constituted by the engine valves 12. In the 
arrangement shown in FIG. 12. since the armature 
shafts 42 and the zero-lash adjusters 404 are disposed 

30 in radially outward positions, with respect to the engine 
valves 12, relatively large spacings are provided 
between the cores 452, and thus solenoid valve devices 
having a larger size can be mounted to the engine. 
[0143] In the present embodiment, the zero-lash 

35 adjuster 404 has a structure in which oil is supplied from 
an external oil-pressure source. However, a zero-lash 
adjuster of a sealed type as the zero-lash adjuster 308 
of the third embodiment can be used instead of the 
zero-lash adjuster 404. 

40 [0144] Additionally, although hydraulic zero-lash 
adjusters are used in the first to the fourth embodi- 
ments, a mechanical zero-lash adjuster can be used 
instead. The mechanical zerd-lash adjuster has a first 
member corinectied to an actuating mechanism (corre- 

45 spending to the armature shaft 42 in the first embodi- 
ment) and a second member connected to an engine 
valve. Screw threads are provided to the respective first 
and second members. The first and second members 
are connected to each other by the screw threads being 

50 engaged with each other with an axial spacing being 
provided therebetween. The screw threads are con- 
structed so as to prohibit a relative rotation of the first 
and second members when a force is exerted on the 
first member in the valve-opening direction and to allow 

55 a relative rotation of the first and second members when 
a force is not exerted on the first member in the valve- 
opening direction. Thus, when the engine valve is actu- 
ated in the valve-opening direction, the first and second 
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members move with the engine valve as a rigid body 
without a relative axial movement between the two 
members. On the other hand, when the engine valve is 
actuated in the valve-closing direction or is in the fully 
closed or fully opened position, the first and second 5 
members move relative to each other by a relative rota- 
tion so that a clearance between the engine valve ard 
the actuating mechanism is adjusted to be zero. Accord- 
ing to such a mechanical zero-iash adjuster, it is possi- 
ble to reduce weight of the zero-lash adjuster since 10 
components such as a hydraulic chamber and a check 
valve are not required. Thus, it is possible to improve a 
response of a solenoid and thus to apply the solenoid 
valve device to high-speed engines. 
[0145] Additionally, in the above-mentioned embod- is 
iments, the solenoid valve devices 10, 200, 300, 400 are 
constructed as intake valves or exhaust valves. How- 
ever, the present invention can be constructed as other 
valve devices which actuate an engine valve by an elec- 
tromagnetic force. 20 
[0146] Next, a description will be given of a fifth 
embodiment of the present invention. In the present 
embodiment and in the following embodiments, current 
control of the upper coil 58 and the lower coil 62 will be 
describe with reference to the solenoid valve device 10 25 
of the first embodiment. 

[0147] When an ignition switch of a vehicle in which 
the engine is mounted is turned off, neither the upper 
coil 58 nor the lower coil 62 can be energize. Thus, at 
a time when the ignition switch is turned on, the engine 30 
valve 12 is supported by the upper spring 48 and the 
lower spring 38 at a neutral position between the fully 
closed position and the fully opened position. When the 
engine valve 12 is at the neutral position, the armature 
56 is spaced away from both the upper coil 58 and the as 
lower coil 62. In this state, resilient forces of the upper 
spring 48 and the lower spring 38 exerted on the arma- 
ture 56 are balanced. Thus, in order to start actuating 
the engine valve 12 situated in the neutral position, it is 
necessary to attract the armature 56 spaced away from 40 
the upper coil 58 and the lower coil 62 without using the 
resilient forces of the springs. In this case, it is difficult to 
effectively actuate the engine valve 12 at desired tim- 
ings. Thus, in order to smoothly start the engine, it is 
necessary to move the engine valve to the fully closed 4S 
position or the fully opened position immediately after 
the ignition switch is turned on. 
[0148] FIGS.13A and 13B are diagrams showing 
instruction cun-ents supplied to the upper coil 58 and the 
lower coll 62, respectively, after the ignition switch is so 
turned on until the engine valve 12.starts being actuated 
between the fully closed position and the fully opened 
position in the present embodiment. FIG.13C is a dia- 
gram showing a displacement of the engine valve when 
the above instruction currents are supplied to the ss 
respective coils. 

[0149] As shown in FIGS.13A to 13C. actuation of 
the engine valve 12 is performed in three period, 



narnely, a starting period, a holding period, and an oper- 
ating period. In the starting period, the upper coil 58 is 
supplied with an instruction cun-ent having a pulse 
waveform which changes between "0" and a predeter- 
mined value lu with a predetermined period T, and the 
lower coil 62 is supplied with an instruction current hav- 
ing a pulse waveform which changes between "0" and a 
predetermined value II with the predetermined period T 
delayed 180'' in phase with respect to the Instruction 
current supplied to the upper coil 58, as shown in 
FIGS.13A and 13B. The predetermined period T is set 
to be equal to a natural vibration period of a spring- 
mass system defined by a mass of a movable part of the 
solenoid valve device 10 (tiiat is, the armature 56 and 
parts moving with the armature 56), the upper spring 
48. and the lower spring 38. 

[0150] Thus, in tiie starting period, electromagnetic 
forces are alternately exerted on the armature 56 in the 
valve-opening direction and the valve-closing direction 
with a period equal to the natural vibration period of the 
movable part so that a natural vibration of the movable 
part is excited. As a result, the amplitude of vibration of 
the engine valve 12 gradually increases in the starting 
period, and the engine valve 12 ultimately reaches the 
fully closed position, as shown in FIG.13C. Hereinafter, 
the above-mentioned process performed in the starting 
period to move the engine valve 12 to the fully closed 
position by exciting a natural vibration of the movable 
part is referred to as an initial actuation. 
[0151] In the next holding period, the instruction 
current to the lower coil. 62 is set to be "0" and the 
instruction current to the upper coil 58 is set to be a pre- 
determined holding current Ih- Thus, the armature 56 
and the engine valve 12 are held in the fully closed posi- 
tion. 

[0152] When the operating period is started follow- 
ing the holding period, the instruction current to the 
upper coil 58 is set to be "0" so that the engine valve 12 
starts moving in the valve-opening direction. -Then, an 
instruction current having a pattern comprising an 
attracting current Ia. a transition current Ij and the hold- 
ing current Ih is supplied to the lower coil 62 at a proper 
timing. According to the instruction current having such 
a pattern, after the armature 56 is. actuated to come 
close to the lower core 64 by the attracting current 1^, 
the armature 56 is attracted to corne into contact with 
the lower core 64 while being decelerated by the transi- 
tion current Ij, and ultimately, the armature 56 is held in 
contact with the lower core 64 by the holding current Ih. 
Thereafter, the engine valve 12 is actuated between the 
fully opened position and the fully closed position by 
alternately supplying the instruction current having the 
above-mentioned pattern to the upper coil 58 and the 
lower coil 62. 

[0153] As mentioned in the first embodiment, the 
zero-lash adjuster 40 has a function to expand by being 
supplied with an oil pressure from the oil supply pas- 
sage 80 when the engine valve 1 2 reaches near the fully 
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closed position so as to prevent formation of a clear- 
ance (that is. a tappet clearance) between the engine 
valve 12 and the armature shaft 42 in a state where the 
armature 56 and the engine valve 12 are in the fully 
closed position. Hereinafter, a state where the tappet s 
clearance is cancelled by the above-mentioned function 
of the zero-lash adjuster 40 is referred to as a zero-tash 
state. Additionally, a position of the armature 56 in a 
state where both the upper coil 58 and the lower coil 62 
are de-energized in the zero-lash state is referred to as io 
a reference neutral position. 

[0154] When the ignition switch is tuned off, the 
zero-lash adjuster 40 cannot be supplied with an oil 
pressure, since neither the upper coil 58 nor the lower 
coil 62 Is supplied with a current and the armature 56 is is 
held near the reference neutral position. In the state 
where the armature 56 is held near the reference neu- 
tral position, a compressing force is exerted on the zero- 
lash adjuster 40 by the upper spring. 48 and the lower 
spring 38. Thus, the zero-lash adjuster 40 gradually 20 
contracts since oil leaks out from the hydraulic pressure 
chamber 104 while the ignition switch is turned off. 
Hereinafter, the phenomenon in which the zero-lash 
adjuster 40 contracts due to leakage of oil from the 
hydraulic pressure chamber 1 04 is referred to as a leakr 2s 
down of the zero-lash adjuster 40. When the leak-down 
has occurred, a position of the armature 56 shifts 
toward the lower core 64 from the reference neutral 
position in accordance with an extent of the leak-down. 
Thus, distances from the armature 56 to the upper core 30 
60 and the lower core 64 at a time when the ignition 
switch is turned on change in accordance with an extent 
of the leak-down of the zero-lash adjuster 40. 
[0155] FIG. 14 is a diagram showing a relationship 
between a position of the armature 56 and an electro- 35 
magnetic force acting between the armature 56 and the 
lower core 64 when a current supplied to the lower coil 
62 is changed in three steps, namely, large, medium, 
and small. As shown in FIQ.14, when a current supplied 
to the lower coil 62 is constant, the electromagnetic 40 
force acting between the armature 56 and the lower 
core 64 becomes smaller as the armature 56 shifts 
toward the upper core 60. Additionally, when a position 
of the armature 56 is constant, the electromagnetic 
force acting between the armature 56 and the lower 4S 
core 64 becomes larger as a larger current is supplied 
to the lower coil 62. 

[0156] Due to such characteristics, a current to be 
supplied to the lower coil 62 to exert a required force on 
the armature 56 in the valve-opening direction becomes so 
smaller as the armature 56 shifts toward the lower core 
58. Similarly, a current to be supplied to the upper coil 
58 to exert a required force on the armature 56 in the . 
valve-closing direction becomes larger as the armature 
56 shifts toward the lower core 58. ss 
[01 57] For this reason, if constant currents are used 
as the instruction currents ly and l|_ to the upper coil 58 
and the lower coll 62, respectively, in the initial actuation 



irrespective of a position of the armature 56, the follow- 
ing problems occur. First, since the armature 56 has 
shifted toward the lower core 64 in accordance with the 
leak-down of the zero-lash adjuster 40 when the ignition 
switch is turned on, the initial actuation may not be prop- 
erly performed due to an insufficient electromagnetic 
force to actuate the armature 56 toward the upper core 
60. Second, since the lower coil 62 is supplied with a 
current which is larger than a required value, power con- 
sumption of the solenoid valve device 10 is unnecessar- 
ily increased. 

[01 58] In order to avoid these problems, the instruc- 
tion currents Ij, and 1^, in the initial actuation are 
changed in accordance with a position of the armature 
56 in the present embodiment. ' ^ 
[0159] FIG. 15 is a diagram showing a map which is 
referred to so as to determine the instruction currents 1|_ 
and lu in the initial actuation in accordance with a posi- 
tion of the armature 56. As shown in FIG. 15, since the 
instruction current l|_ to the lower coil 62 is set to be 
larger as the armature 56 shifts toward the upper core 
60, a sufficient force can be generated to actuate the 
armature 56 toward the lower core 64. Additionally, 
since the instructioh current ly to the upper coil 58 is set 
to be smaller as the armature 56 shifts toward the upper 
core 60, the upper coil 58 can be prevented from being 
supplied with an unnecessarily large current and thus 
power consumption of the solenoid valve device 10 can 
be reduced. 

[0160] FIG. 16 is a diagram showing a perspective 
view of an arrangement for detecting a position of the 
armature 56. As mentioned above, the armature 56 
shifts toward the lower core 64 due to the leak-down of 
the zero-lash adjuster 40. When the leak-down of the 
zero-lash adjuster 40 has occurred, the armature shaft 
42 and the engine valve 12 shift downwardly and 
upwardly, respectively, to the same extent from both 
sides of the zero-tash adjuster 40. Thus, in the present 
embodiment, a position of the armature 56 is indirectly 
detected by detecting a position of the valve shaft 26. 
[0161] As shown in F1G;16, a cut-out part 28a is 
formed in the valve guide 28. A pair of gap sensors 150. 
1 52 are mounted in the cut-out part 28a via sensor hold- 
ers 154, 156, respectively, so as to be positioned to face 
to each other from both sides of the valve shaft 26 in the 
radial direction. Additionally, a terminal film 158 for 
delivering output signals of the gap sensors 150, 152 is 
mounted in the cut-out part 28a. FIG.16 shows a state 
in which the gap sensors 150, 152, the sensor holders 
1 54. 1 56, and the terminal film 1 58 are taken away from 
the cut-out part 28a. The gap sensors 150. 152 are 
eddy-current gap sensors, for example, and deliver 
electric signals to the ECU 11 in accordance with dis- 
tances to the circumferential surface of the valve shaft 
26. It should be noted that other types of gap sensors 
such as electrostatic gap sensors can be used as the 
gap sensors 150, 152. 

[0162] FIG.17 is a diagram showing an axial cross 
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section of the valve guide 28 and the valve shaft 26. As 
shown in FIG. 17, a recessed part 160 having a rec- 
tanglar cross section is formed on a circumference of 
the vaive shaft 26. The gap sensors 150, 152 and the 
recessed part 1 60 are positioned so that center parts of 5 
the gap sensors 150, 152 lace a lower step 160a of the 
recessed part 160 when the engine valve 12 is in the 
fully closed position and the center parts of the gap sen- 
sors 150. 152 face an upper step 160b of the recessed 
part 160 when the engine valve 12 is in the neutral posi- 10 
tion. Thus, an axial length of the recessed part 160 sub- 
stantially corresponds to a half of a displacement of the 
engine valve 12 between the fully closed position and 
the fully opened position. 

[01 63] The output voltage V of the gap sensors 1 50, is 
152 becomes a minimum value Vn^m when the whole 
surfaces of the gap sensors 150, 152 face a circumfer- 
ential part of the valve shaft 28 other than the recessed 
p&rt 1 60 (hereinafter referred to as a general part of the 
valve shaft 28) and becomes a maximum value V^^ax 
when the whole surfaces of the gap sensora 150, 152 
face to recessed part 160. It should be noted that the 
output voltage V of the gap sensors 150, 152 is defined 
as a mean value of the output voltages of the respective 
sensors. 2s 
[0164] FIG. 18 is a diagram showing changes in a 
relative position of the gap sensors 150, 152 and the 
recessed part 160 when the engine valve 12 moves 
from the fully dosed position to the fully opened posi- 
tion. FIG. 19 is a diagram showing a change in the out- 30 
put voltage V when the engine valve 12 moves from the 
fully closed position to the fully opened position. 
[0165] As shown in a state (1) of the FIG. 18, when 
the engine valve 12 is in the fully, closed position, sub- 
stantially half surfaces of the gap sensors 1 50, 1 52 face 3S 
the general part of the valve shaft 28 and the other half 
surfacess face the recessed part 160. In this state, the 
output voltage V is an intermediate value 
Vs(^{Vmax + V^,„)/2). 

[0166] After the engine valve 12 has started moving 40 
from the fully closed position In the valve-opening direc- 
tion, the output voltage V increases as shown in a 
period I of FIG. 19 since areas of the gap sensors 150, 
152 facing the recessed part 160 increases. After the 
engine valve 12 has moved until the whole surfaces of 45 
the gap sensors 1 50, 1 52 face the recessed part 1 60 as 
shown In a state (2) of the FIG.18, the output voltage V 
is rnaintained to be the maximum voltage V^ax 
shown in a period II of FIG.1 9. 

[0167] When the engine valve 12 has reached near so 
the neutral position, the gap sensors 150, 152 face the 
upper step 1 60b of the recessed part 1 60 as shown in a 
state (3) of FIG.18. In this state, the output voltage V 
decreases as the engine valve 12 moves in the valve- 
opening direction as shown In a period lit of FIG.19. ss 
After the engine valve 12 has further rnoved in the 
valve-opening direction until the whole surfaces of the 
gap sensors 1 50, 1 52 face the general part of the valve 



shaft 28, the output voftage V is maintained to be the 
minimum voltage V„,in until the engine valve 12 reaches 
the fully opened position as shown in a period IV of 
FIG.19. 

[01 68] As mentioned above, when tiie engine valve 
12 is rnoving near the neutral position as shown in the 
period ill of FIG.19. the output voltage V changes in 
accordance witii a position of the engine valve 12. That 
is, as the engine valve 12 moves in an upward direction 
in association wrtii the leak-down of tiie zero-lash 
adjuster 40, the output voltage V becomes larger as 
compared to a value of the output voltage V in the zero- 
lash state. Accordingly, the ECU 1 1 can detect a posi- 
tion of the engine valve 12 at a time when the ignition 
switch is turned on based on the output voltage V at that 
time and thus can indirectly detect a displacement of the 
armature 56 from the reference neutral position toward 
the lower core 64 based on the detected position of the 
engine valve 12. 

[0169] It should be noted that the value V3 of the 
output voltage V in a state where the engine valve 12 is 
in the fully closed position changes in accordance with 
a relative position of tiie armature 56 and the engine 
valve 12. Thus, it can be determined whether or not the 
zero-lash state is achieved based on the value Vg of the 
output voltage V at a time when the initial actuation Is 
completed. If it is determined that the zero-lash state is 
not yet achieved after the initial actuation is completed, 
instruction currents supplied to the upper coil 58 may be 
increased as compared to a regular situation for a cer- 
tain period after the operating period has started so that 
the engine valve 12 can be positively actuated between 
the fully closed position and the fully opened position. 
[0170] Additionally, a position of the recessed part 
160 of the valve shaft 28 changes in accordance witii 
tiiermaf expansion of the engine valve 12. Thus, ther- 
mal expansion of the engine valve 12 can be detected 
based on the value Vg of the output voltage V when the 
engine valve 1 2 is In the fully closed position. 
[01 71 ] Further, since the mean value of the outputs 
voltages of the gap sensors 1 50. 1 52 is used as the out- 
put voltage V. it Is possible to compensate for a change 
in the output voltages of the respective sensors due to a 
radial displacement of the engine valve 28. Thus, it is 
possible to predsely detect a position of the engine 
valve 12. 

[0172] FIG.20 Is a flowchart performed by tiie ECU 
1 1 so as to determine the instruction currents \\_ and ly 
in the initial actuation. The routine shown in FIG.20 is 
performed once imrnedlately after the ignition switch is 
turned on. When the routine shown in FIG.20 is started, 
tiie process of step 500 is performed first. 
[0173] In step 500, a position of the armature 56 is 
detected based on the output voltage V, as mentioned 
above. 

[01 74] In step 502, the instruction currents l|_ and 1^ 
in the initial actuation are determined based on the 
detected position of the armature 56 by referring to the 



18 



35 



EP 1 002 938 A2 



36 



map shown in FIQ.1 5. 

[0175] In step 504. a process is performed for start- 
ing the initial actuation using the instruction currents l|_ 
and lu determined in step 502. When the process of 
step 504 is finished, the present routine is ended. s 
[0176] . As mentioned above, the instruction cun-ents 
ly in the initial actuation are determined in accord- 
ance with a position of the armature 56 before the initial 
actuation is started. Thus, according to the present 
enlbodiment, it is possible to properly perform the initial io 
actuation while suppressing the power consumption in 
the initial actuation, irrespective of a change in a posi- 
tion of the armature 56 due to the leak-down of the zero- 
lash adjuster 40. 

[0177] In the present embodiment, a position of the is 
armature 56 is indirectiy detected by detecting a posi- 
tion of the valve shaft 28 based on a fact that the valve 
shaft 28 and the armature 56 shift by substantially the 
same distance in association with the leak-down of the 
zero-lash adjuster 40. However, a position of the arma- 20 
ture 56 may also be directly detected. 
[0178] .F1G.21 is a diagram showing an example of 
an arrangement for directiy detecting a position of the 
armature 56 by using a gap sensor 250. In the arrange- 
ment shown in FIG. 21 , the armature shaft 42 is pro- 25 
vided with an extended part 42a upwardly extending 
through the adjuster bolt 52. A measurement target 252 
is fixed to an end face of the extended part 42a. The gap 
sensor 250, which can be an eddy-current gap sensor 
for example, is supported above the measurement tar- 30 
get 252. The gap sensor 250 delivers an electric signal 
to the ECU 11 in accordance with a distance to the 
measurement tairget 252. Thus, according to the 
arrangement shown in FIG. 11, a position of the arma- 
ture 56 can be directiy detected. 35 
[0179] FIG.22 shows an example of an arrange- 
ment for directly measuring a position of the armature 
56 by using a laser distance sensor 260. The laser dis- 
tance sensor 260 projects a laser light emitted by a 
laser diode on a target to be measured, and detects a 40 
distance to the target based on a position of the 
reflected light from the target using a principle of trian- 
gulation. The armature shaft 42 is provided with the 
extended part 42a upwardly extending through the 
adjuster bolt 52 as the arrangement shown in FIG.21 . A 45 
laser light from the laser distance sensor 260 is pro- 
jected on an end face of the extended part 42a. Since 
the laser light has a small diameter, only a small surface 
is required for the measurement as compared to a case 
of an eddy-current gap sensor. Thus, in the arrange- so 
ment shown in FIG.22, the measured target 252 of the 
arrangement shown in Fldl.21 need not be provided. 
[0180] Next, a description will be given of a sixth 
embodiment of the present invention. In the present 
embodiment, if the zero-lash state is not achieved at a ss 
time when the initial actuation is completed, the instruc- 
tion currents to the upper coil 58 and the lower coil 62 
are changed as compared to a regular situation for a 



predetermined period after start of the actuating period. 
[0181] FIQS.23A and 23B are diagrams schemati- 
cally showing the solenoid valve device 10 when the 
armature 56 is in the fully opened position in a case 
where the leak-down of the zero-lash adjuster 40 has 
not occurred and in a case where leak-down of tiie zero- 
lash adjuster 40 has occurred, respectively. 
[01 82] In a case where the leak-down has occurred 
as shown in FIG.23B, the engine valve 12 shifts toward 
the armature 56 as compared to a case where the leak- 
down has not occurred as shown in FIG,23A. Thus, an 
amount of contraction of the lower spring 38 decreases 
In accordance with ah extent of the leak-down. In this 
case, since a resilient force acting on the engine valve 
12 In the valve-closing direction decreases, a current to 
be supplied to the upper coil 58 for actuating the engine 
vaUve 12 in the valve-closing direction increases. Addi- 
tionally, In a case where the leak-down has occurred, a 
distance for which the armature 56 must actuate the 
engine valve 12 becomes smaller by an amount of the 
tappet clearance when the engine valve 12 is actuated 
from the fully closed position in the valve-opening direc- 
tion. Thus, a current to be supplied to the lower coll 62 
for opening the engine valve 12 is smaller as compared 
to a case yy^here no leak-down has occurred. 
[0183] As mentioned above, when the leak-down of 
the zero-lash adjuster 40 has occurred, a current to be 
supplied to the upper coil 58 Increases and a current to 
be supplied to the lower coil 62 decreases, as com- 
pared to a case where no leak-down has occurred. 
Thus, in the present embodiment, ah Instruction cun-ent 
to the lower coil 62 is set to be smaller than an instruc- 
tion current to the upper coil 58 for a predetermined 
period after the initial actuation is completed, so that the 
engine valve 12 can be positively actuated between tiie 
fully closed position and the fully opened position while 
suppressing power consumption of the solenoid valve 
device 10. 

[0184] FIGS.24A and 24B are diagrams showing 
the instruction currents supplied to the upper coil 58 and 
tiie lower coil 62, respectively. In F1GS.24A and 248. 
instruction currents used in a regular situation (that is, 
when the zero-lash state is being achieved) is indicated 
by dotted lines. 

[0185] As shown in FIGS.24A and 248, for prede- 
termined N cycles after the operating period Is started, 
tihie attracting current Ia and the holding current Ih to the 
lower coil 62 are set to be values l^i and Ihi . respec- 
tively, which are smaller than the respective base values 
1^0 and Iho used in the regular situation, and the attract- 
ing current 1^ and the holding current Ih to the upper coil 
58 are set to be values 1^2 ^d 1^)2. respectively, which 
are larger than the respective base values l^o and Iho- 
Here, one cycle means a process in which tiie engine 
valve 12 moves back and forth between the fully closed 
position and the fully opened position. The predeter- 
mined number N is set to be a number of tiie cycles 
required to supply a sufficient oil pressure to the zero- 
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lash adjuster 40 for achieving the zero-lash state. 
[0186] After the N cycles have finished after start of 
the actuating period, the attracting current Ia and the 
holding current Ih to the upper coil 58 are gradually 
decreased from Ia2 and Ih2 to Iao and Iho. respectively, 
and the attracting current Ia and the holding current Ih to 
the lower coil 62 are increased from Iai and Ihi to Iao 
and Iho. respectively, for a predetermined cycles. 
[01 87] It should be noted that each of the base val- 
ues Iao and Iho may be different for the upper cdl 58 
and the lower coil 62. 

[0188] FIG.25 is a diagram showing a flowchart of a 
routine performed by the ECU 11 so as to achieve the 
above-mentioned operation. The routine shown In 
FIG.25 is performed once at a time when the initial actu- 
ation is completed. When the routine shown in FIG,25 is 
started, the process, of step 500 is performed first. 
[0189] In step 600, a variable n indicating a number 
of the cycles is initialized to be "1". 
[0190] In step 602, it is determined whether or not a 
request to open the engine valve 12 is generated. The 
process of step 602 is repeatedly performed until the 
request is generated. If the request to open the engine 
valve 12 is generated, then the process of step 604 is 
performed. 

[0191] In step 604, a process for supplying a 
smaller current to the lower coil 62 as compared to the. 
regular situation, that is, a process for supplying an 
instruction current to the lower coil 62 with the attracting 
current Ia being Iai and the holding current Ih being Ihi, 
is performed. 

[0192] In step 606, it is determined whether or not a 
request to close the engine valve 12 is generated. The 
process of step 606 is repeatedly performed until the 
request is generated. If the request to close the engine 
valve 12 is generated in step 606, then the process of 
step 608 is performed. 

[0193] In step 608, a process for supplying a larger 
current to the upper coil 58 as conpared to the regular 
situation, that is, a process for supplying an Instruction 
current to the upper coil 58 with the attracting current Ia 
being Ia2 and the holding current Ih being Ih2> is per- 
formed. 

[01 94] In step 61 0, it is determined whether or not a 
relationship n>N is established. If n>N is not estab- 
lished, the valuable n is increased by one in step 612 
and then the process of step 602 is performed again. 
On the other hand, if n>N is established in step 610, 
then the process of step 61 4 is performed. 
[0195] |n step 614, the variable n is initialized to be 
"regain. 

[0196] In step 616, it is determined whether or not a 

request to open the engine valve 12 is generated. The 
process of step 616 is repeatedly performed until the 
request is generated. If the request to open the engine 
valve 12 is generated in step 616, then the process of 
step 61 8 is performed. 

[0197] In step 618. an instruction current is supplied 



)02 938 A2 38 

to the lower coil 62 with the attracting current Ia being 
lAi+n* AIai and the holding current Ih being 
lHi+n • AIhi . The values AIai and AIhi are set to be (Iaq- 
Iai)/Ni and (Iho-1hi)/Ni, respectively According to the 

5 process of step 618, the attracting cun-ent Ia and tiie 
holding current Ih to the lower coil 62 are gradually 
increased to the base values Iao and Iho* respectively. 
[01 98] in step 620, it is determined whether or not a 
request to close the engine valve 12 is generated. The 

10 process of step 620 is repeatedly performed until the 
request is generated. If the request to close the engine 
valve 12 is generated in step 620, then the process of 
step 622 is performed. 

[01 99] In step 622, an instruction current is supplied 

15 to the upper coil 58 with the attracting current Ia being 
. lA2-n • AIa2 and the holding current Ih being lH2-n • AIh2- 
The values AIa2 and AIh2 are set to be (Ia2*'Uo)/Ni and 
(lH2-lHo^it respectively. According to the process of 
step 622. the attracting current Ia and the holding cur- 

20 rent Ih to the lower coil 62 are gradually decreased to 
the base values Iao and Iho. respectively. 
[0200] In step 624, it is determined whether a rela-^ 
tionship n>Ni is established. If n>Ni is not established, 
the variable n is increased by one in step 626 and then 

25 the process of st^ 616 is performed again. On the 
other hand, if n>Nt is established in step 624, then a 
process for achieving a regular operation of the engine 
valve 12 is performed in step 628. Specifically, in step 
628, instruction currents are supplied to the lower coil 

30 62 and the upper coil 58 with the attracting current Ia 
being Iao and the holding current Ih being Iho each time 
when requests to open and close the engine valve 12, 
respectively, are generated. 

[0201] As mentioned above, in the present embodi- 

35 ment, since the attracting current Ia and the holding cur- 
rent Ih which are larger than the respective values in the 
regular situation are supplied to the upper coil 58 for the 
predetermined N cycles after the initial actuation is 
completed, the armature 56 can be moved until the 

40 armature 56 is in contact with the upper core 60 in a sit- 
uation where the leak-down of the zero-iash adjuster 40 
has occurred. Thus, according the present embodi- 
ment, it is possible to positively actuate the engine valve 
12 between the fully closed position and the fully 

45 opened position. 

[0202] Additionally, if the armature 56 is not 
attracted to be in contact with the upper core 60 by the 
attracting current Ia and the armature 56 is re-attracted 
to the upper core 60 by the transition current \j or the 

50 holding current Ih, a large impact sound may be gener- 
ated by the armature 56 impacting on the upper core 60 
with , a high speed^ According to the present embodi- 
ment, since the armature 56 can be positively attracted 
by the attracting current Ia until the armature 56 comes 

55 into contact with the upper core 56. It is possible to pre- 
vent generation of the above-mentioned large impact 
sound. 

[0203] Further, since the attracting current Ia and 
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the holding current Ih which are smaller than the 
respective values in the regular situation are supplied to 
the lower coil 62 for the N cycles, it Is possible to prevent 
an excessive electromagnetic force from acting on the 
armature 56 in the valve-opening direction. Thus, 5 
according to the present embodiment, it is possible to 
prevent a generation of a large impact sound due to a 
high-speed impact of the armature 56 and the lower 
core 64 while suppressing power consumption in the 
lower coil 62. 10 
[0204] In the present embodiment the instruction 
currents to the respective coils are changed after the ini- 
tial actuation which is performed when the engine is 
started. However, when a desynchronization (a phe- 
nomenon in which the armature 56 cannot be attracted is 
to the upper core 60 or the lower core 64 and the arma- 
ture 56 is held in the neutral position) of the solenoid 
vale 10 has occurred, a process similar to the initial 
actuation is performed for actuating the armature 56 to 
the fully closed position so that the solenoid valve 20 
device 10 can be recovered from the desynchronization. 
Thus, the instruction currents to the respective coils 
may be changed for a predetermined cycles after, the 
process for recovering the solenoid valve, device 10 
from the desynchronization is finished. 25 
[0205] Additionally, in the present embodiment 
both the attraction current 1^ and the holding current Ih 
are changed. However, it is also possible to change only 
the attracting current 1^ while always using the base 
value Iho as the holding current Ih- 30 
[0206] Further, in the present embodiment, the 
attracting current 1^ and the holding current Ih are fixed 
to be 1^1 or 1^2 and Ihi or Ih2. respectively, for the N 
cycles, and gradually changed toward the base values 
l/vo and 1ho> respectively, in the next N-i cycles. However, 3s 
it is also p>ossibie to gradually change the attracting cur- 
rent Ia and the holding current Ih toward the base values 
Iao and Iho. respectively, immediately after start of the 
operating period. 

[0207] Next, a description will be given of a seventh 40 
embodiment of the present invention. In the present 
embodiment, the values Iai and 1^2 of the attracting cur- 
rent l/v and the values Ihi and Ih2 of the holding current 
are set In accordance with an elapsed time for which the 
actuation of the engine valve 12 has been stopped, in 4S 
view of a fact that an amount of the leak-down of the 
zero-lash adjuster 40 changes in accordance with the 
above-mentioned elapsed time. 
[0208] As mentioned above, the leak-down of the 
zero-lash adjuster 40 is a phenomenon in which oil so 
gradually leaks out from the zero-lash adjuster 40 in a 
state where the armature 56 is held near the neutral 
position, that is, in a state where the zero-lash adjuster 
40 cannot be supplied with an oil pressure. Accordingly, 
an amount of the leak-down of the zero-lash adjuster 40 ss 
becomes larger as the armature 56 is held near the 
neutral position (that is, the ignition switch is maintained 
to be turned off, for exarhple) for a longer time. Thus, in 



the present embodiment the values l^i and 1/^ of the 
attracting current Ia and the values Ihi and Ih2 of the 
holding current to the upper coil 58 and the lower coil 62 
are set in accordance with an elapsed time after the 
zero-lash adjuster 40 was stopped being supplied with 
an oil pressure. Hereinafter, this elapsed time is referred 
to as a valve stopping time Tq. 

[0209] FIG.26 is a diagram showing an example of 
a relationship between the valve stopping time Tg and a 
displacement of the armature 56 toward the lower core 
64 from the reference neutral position. The relationship 
shown in F1G.26 can be experimentally obtained by 
measuring positions of the armature 56 for various val- 
ues of valve stopping time J^. 

[021 0] F1G.27 Is a map which is referred to so as to 
determine the values Iai , 1a2 of the attracting current Ia 
and the values 1hi> 1h2 of the holding current Ih based 
on the valve stopping time Tg. 

[0211] As shown in FIG.26, a displacement of the 
armature 56 toward the lower core 64 from the refer- 
ence neutral position becomes larger for a longer valve 
stopping time Tg. In accordance with this, the value Ia2 
of the attracting current Ia and the value 1h2 of the hold- 
ing current Ih to the upper coil 58 are set to be larger 
and the value Iai of the attracting current Ia and the 
value Ihi of the holding current Ih to the lower coil 62 are 
set to be smaller for a longer valve stopping time T^, as 
shown in FIG.27. Thus, according to the present 
embodiment it is possible to more properly set the 
instruction currents to the respective coils in accord- 
ance with a position of the arnnature 56. 
[0212] FIG.28 is diagram showing a flowchart of a 
routine performed by the ECU 1 1 so as to determine the 
values Iai, Ia2 and Ihi, Ih2 as mentioned above. The 
routine shown in FIG.28 is performed once when the 
ignition switch is turned on. In the present embodiment, 
the above-mentioned routine shown in FIQ.25 is per- 
formed together with the routine shown in FIG.28. When 
the routine shown in FIG.28 is started, tiie process of 
step 700 is performed first 

[0213] In step 700, the valve stopping time Ts (that 
is, a time for which the ignition switch has been turned 
ofQ is detected. The ECU 1 1 includes a counter which 
counts an elapsed time. Thus, the ECU 11 can detect 
the valve stopping time Tg based on the counter value 
by resetting the counter when the ignition switch is 
turned off. 

[0214] In step 702, the values Iai , Ia2 of the attract- 
ing current Ia and the values 1hi. Ih2 of the holding cur- 
rent Ih to the respective coils are determined based on 
the valve stopping time Tg by referring to the map shown 
in FIG.27. 

[021 5] In step 704, a process for achieving the initial 
actuation is performed. When the process of step 704 is 
finished, the present routine Is ended and then the rou- 
tine shown in F1G.25 is performed using the values Iai , 
U2' 'h1' 'h2 determined in step 702. 
[0216] In tiie present embodiment the attracting 
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current Ia and the holding current Ih are changed in 
accordance with the valve stopping time Tg when the 
operating period Is started. However, it is also possible 
to change the instruction currents ly and II. supplied to 
the respective coils In the initial actuation In accordance 5 
with the valve stopping time Tg. 
[0217] Additionally; in the present embodiment, the 
valve stopping time Ts is set to be a time for which the 
ignition switch has been tumed off in view of a fact that 
the leak-down of the zero-lash adjuster 40 Is caused 10 
when the ignition switch is turned off. However, the leak- 
down of the zero-lash adjuster 40 is also caused when 
the desynchronization of the solenoid valve device 10 
has occurred. Thus, the valve stopping time may be 
set to be an elapsed time after the desynchronization is 
was detected. 

[0218] The desynchronization can be detected by; 
for example, comparing an actual current flowing trough 
the upper coil 58 or the lower coil 62 with an instruction 
current to that coil. That is, when the desynchronization 20 
has occurred, an Inductance of the upper coil 58 or the 
lower coil 62 becomes small since the armature 56 Is 
not in contact with the corresponding core 60 or 64, and 
thus the actual current to that coil Is highly responsive to 
a change in the Instruction current as compared to a 2s 
case where the armature 56 is in contact with the corre- 
sponding core 60 or 64. Thus, the desynchronization 
can be detected based on a change in the actual current 
when, for example, the holding current Ih is shut off. 
[0219] . Next, a description will be given of an eighth 30 
embodiment of the present Invention. In the presisnt 
embodiment, the instruction currents to the respective 
coils are set in accordance with the supplied oil pres- 
sure P detected by the pressure sensor 84. 
[0220] As mentioned above, since the oil pump 83 3s 
is operated by using a rotation of the output shaft of the 
engine as a power source, it takes a certain time for a 
discharge pressure of the oil pump 83 to reach a 
desired value after the engine is started. Additionally, a 
time delay occurs in transmission of an oil pressure 40 
from the oil pump 83 to the zero-lash adjuster 40. Thus, 
a tappet clearance is generated for a certain period after 
the armature 56 has moved to tiie fully closed position 
by the initial actuation, since the zero-lash adjuster Is 
not supplied with a sufficient oil pressure for that period. 45 
[0221] FIGS.29A to 29E are diagrams showing 
changes in the engine speed, the suppii^ oil pressure 
P, the tappet clearance, the attracting current Ia to the 
upper coil 58, and the attracting current Ia to the lower 
coil 62. 50 
[0222] As shown in FIQ.29A, the engine speed 
increases in response to start of combustion through a 
cranking after the ignition switch is tuned on at a time to- 
Since the discharge pressure of the oil pump 83 
increases in accordance with the increase in the engine 55 
speed, the supplied oil pressure P starts increasing as 
shown in FIG.29B. The tappet clearance gradually 
decreases with the Increase in the supplied oil pressure 



P and the zero-lash state is achieved at a time tf, as 
shown In FIG.29C. 

[0223] In the present embodiment, tiie attracting 
current Ia to the upper coil 58 is set to be larger and the 
attracting current Ia to tiie lower coil 62 Is set to be 
smaller as compared to the regular situation in accord- 
ance witii the supplied oil pressure P as shown in 
F1GS.29D and 29E, In view of the above-mentioned fact 
that the tappet clearance decreases as the supplied oil 
pressure P increases. 

[0224] FIG. 30 is a diagram showing a flowchart of 
a routine performed by the ECU 11 so as to determined 
the values of attracting current Ia to the upper coil 58 
and the lower coil 62. The routine shown in FIG.30 Is 
started at predetermined time intervals after the initial 
actuation is finished. When the routine shown in FIG.30 
Is started, the process of step 800 is performed first 
[0225] In step 800, the supplied oil pressure P Is 
detected. 

[0226] In step 802, a difference AP between the 
supplied oil pressure P and a predetermined reference 
pressure Pq Is calculated as AP=P-P q . The reference 
pressure Pq Is set to be a value of the supplied oil pres- 
sure P required to achieve the zero-lash state. 
[0227] In step 804, it is determined whether or not 
the difference AP Is a positive value, if AP>0 is estab- 
lished, then the. process of step 806 Is performed. On 
the otiier hand, if AP>0 Is not established in step 804. 
then the process of step 808 is performed. 
[0228] In step 806. a correction value Al^ (<0) for the 
attracting current Ia to the lower coil 62 Is determined 
based on the difference AP, and, in the subsequent step 
810. a correction value Al2(>0) for the attracting current 
Ia to the upper coll 58 js determined based on the differ- 
ence AR 

[0229] FIG.31 is a diagram showing an exsunple of 
a map which is referr^ to so as to determine the cor- 
rection values AI1 and AI2 in the above-mentioned steps 
506 and 510. The map shown In FIG.31 can be 
obtained by experimentally determining optimal values 
of the attracting current Ia to the respective coils for var- 
ious values of the difference AP and cafculating differ- 
ences between the determined, values and the base 
values lAi_base. lA2_base. ^respectively. As shown In 
FIG.31 , the correction value AI2 is set to be larger and 
the correction value Al^ is set to be smaller for a larger 
value of the difference AP. 

[0230] In step 812, a value Iai of tiie attracting cur- 
rent Ia to the lower coil 62 Is calculated as 
'ai='ai bas9+^h • subsequent step 814. a 

value Ia2 of the attracting current Ia to the upper coil 58 
Is calculated as lA2='A2_basa+^'2 - ^e base values 
Iai base and lA2_base ^^e set to be values of the attract- 
ing current Ia to the lower coil 62 and the upper coil 58, 
respectively, in tiie zero-lash state, as mentioned in the 
sixth embodiment. When the process of step 814 is fin- 
ished, the present routine Is ended. 
[0231] In step 808, the correction value AI1 is set to 
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be "0" and in the subsequent step 816, the correction 
value AI2 is set to be "0". After the process of step 816 
is finished, the process of the above-mentioned step 
812 is performed. Thus, the base values lAi_base anci 
'A2_base ^^e used as values of the attracting current 1^ to 5 
the lower coil 62 and the upper coil 58, respectively,, 
when AP^O is established, that Is, when the supplied oil 
pressure P Is equal to or larger than the reference pres- 
sure Pq 

[0232] As mentioned above, in the present embodi- 10 
ment, the attracting Current Ia to the lower coil 62 is set 
to be smaller and the attracting current to the upper coil 
58 is set to be larger for a larger value of the difference 
AP, in view of the fact that the armature 56 shifts toward 
the lower core 64 as the supplied oil pressure P is 
becomes lower (that is, as the difference AP becomes 
larger). Thus, according to the present embodiment, the 
optimal attracting currents 1^ can be supplied to the 
lower coil 62 and the upper coil 58 for actuating the 
armature 56 to the fully opened position and the fully 20 
closed position, respectively, so that the engine valve 1 2 
can be positively actuated between the fully closed 
position and the fully opened position. 
[0233] Ne}ct, a description will be given of a ninth 
embodiment of the present invention. 2s 
[0234] As shown in the above-mentioned FIGS.29B 
and 29C, the supplied oil pressure P increases as a 
passage of time after the ignition switch is turned on, 
and the tappet clearance gradually decreases in 
accordance with the increase in the supplied oil pres- 30 
sure P. Thus, in the present embodiment, values of the 
attracting current 1^ to the respective coils are deter- 
. mined in accordance with an elapsed time Th after the 
ignition switch is turned on. 

[0235] FIG.32 is a diagram showing a flowchart of a 35 
routine performed by the ECU 11 so as to determine 
values of the attracting current 1^ to the upper coil 58 
and the lower coil 62 in the present embodiment. In the 
routine shown in FIQ.32, steps which performs the 
same process as steps of the routine shown in FIG.30 40 
are given the same reference numerals and descrip- 
tions thereof will be omitted. The routine shown in 
F1G.32 is started at predetermined time intervals. When 
the routine is started, tiie process of step 900 is per- 
formed first. 45 
[0236] In step 900, the elapsed time Tg after the 
ignition switch was turned on is detected. 
[0237] In step 902, a difference AT between the 
elapsed time Tg and a predetermined reference time Tq 
is calculated as AT=To-Tg . The reference time TO is so 
set to be a time required to achieve the zero-lash state 
after tiie ignition switch is turned on. 
[0238] In step 904, it is determined whether or not 
the difference AT is a positive value. If AT>0 is estab- 
lished, tiien the process of step 906 is performed. On ss 
the other hand, if AT>0 is not established, then the proc- 
ess of step 808 is performed. 

[0239] In step 906, the correction value Al-|(<0) for 



the attracting current 1^ to the lower coil 62 is deter- 
mined based on the difference AT, and in the subse- 
quent step 908, the correction value Al2(>0) for tiie 
attracting cun-ent U to tiie upper coil 58 is determined 
based on the difference AP. Then the process of step 
908 is finished, the process of step 812 is performed. 
[0240] FIG.33 is a diagram showing an example of 
a map which is referred to so as to determine the cor- 
rection values All and AI2 in the above-mentioned steps 
606 and 608. The map shown in FIG,33 can be 
obtained by experimentally determining optimal values 
of the attiBcting current Ia to the respective coils for var- 
ious values of the difference AT and calculating differ- 
ences between the determined values and the base 
values lAi_base» U2_base. respectively. As shown in 
FIG.33. the con-ection value AI2 is set to be larger and 
the correction value AI1 is set to be smaller for a larger 
value of the difference AP. 

[0241] As mentioned above, in the present embodi- 
ment, the attracting current Ia to the lower coil 62 is set 
to be smaller and the attracting current to the upper coll 
58 is set to be larger for a larger value of the difference 
AT, in view of tiie fact that a displacement of the arma- 
ture 56 toward the lower core 64 becomes smaller as 
the elapsed time Th becomes longer (that is, as the dif- 
ference AT becomes larger). Thus, according to the 
present embodiment, the engine valve 12 can be posi- 
tively actuated between the fully closed position and the 
fully opened position without a necessity of providing 
the pressure sensor for detecting the supplied oil pres- 
sure P. 

[0242] In the above-mentioned eighth and ninth 
embodiments, only the attracting current Ia is changed. 
However, it is also possible to change both the attracting 
current Ia and the holding current Ih as in the fifth to sev- 
enth embodiments. 

[0243] Additionally, in the eighth and ninth embodi- 
ments, descriptions are given for a case where the oil 
pump 83 is operated by using a rotation of the engine as 
a power source. However, in a case wha-e the oil pump 
83 is an electric pump operated by using a battery as a 
power source, a discharge pressure of the oil pump 83 
is not immediately increased after the ignition switch is 
tuned on. Thus, in the case where the oil pump 83 is an 
electric pump, it is possible to positively actuate the 
engine valve 12 by changing the attracting current Ia in 
accordance with the supplied oil pressure P or the 
elapsed time Th as in the eighth and ninth embodi- 
ments. 

[0244] Further, although values of instruction cur- 
rents to the respective coils are changed in the fifth to 
the ninth embodiments, a time for which the respective 
coils are supplied with instruction cun^ents may be 
changed. 

[0245] Next, a description will be given of a tenth 
embodiment of the present embodiment. 
[0246] If a failure of a system for supplying an oil 
pressure to the zero-lash adjuster 40, such as a trouble 
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of the oil pump 83 or a damage of the oil supply pas- 
sages 80, 82, has occurred, it is possible that a suffi- 
cient oil pressure is not supplied to the zero-lash 
k adjuster 40 or no oil pressure is supplied to the zero- 
lash adjuster 40. Hereinafter such a failure is referred to 
as an oil-supply failure. The oil-supply failure may occur 
before the engine is started or after the operating period 
has started. 

[0247] If the oil-supply failure has occurred before 
the engine is started, the zero-lash adjuster 40 is not 
supplied >Anth a proper oil pressure when the armature 
56 is moved to the fully closed position by the initial 
actuation and the zero-lash adjuster 40 communicates 
with the oil supply passage 82. In this case, the leak- 
down of the zero-lash adjuster 40 cannot be cancelled. 
[0248] Similarly, if the oil-supply failure has 
occurred during the operating period, the leak-down of 
the zero-lash adjuster 40 starts being caused since the 
zero-lash adjuster 40 is not supplied with a proper oil 
pressure. 

[0249] As mentioned above with reference to 
FIGS.23A- and 23B, when the leak-down of the zero- 
lash adjuster 40 has occurred, a current to be supplied 
to the upper coil 58 becomes larger and a current to be 
supplied to the lower coil 62 becomes smaller as com- 
pared to a case where no leak-down has occurred. 
[0250] In the present embodiment the solenoid 
valve device 10 can be operated in one of a regular 
operation mode and a compensating operation mode. 
The regular operation mode is achieved when the refer- 
ence oil pressure P. is supplied to the zero-lash adjuster 
40 so that the zero-iash state is maintained. When the 
oil-supply failure is detected, an operation mode of the 
solenoid valve device 10 is switched from the regular 
operation mode to the compensating operation mode. 
In the compensating operation mode, an instruction cur- 
rent to the lower coil 62 is set to be a smaller value and 
an instruction current to the upper coil 58 is set to be a 
larger value as compared to a case of the regular oper- 
ation mode. Thus, according to the corrpensating oper- 
ation mode, it is possible to actuate the engine valve 12 
between the fully closed position and the fully opened 
position while suppressing power consumption of the 
solenoid valve device 10 when the oil-supply failure has 
occurred. In the present embodiment, the oil-supply fail- 
ure is detected when the supplied oil pressure P is lower 
than the reference oil pressure P. 
[0251 ] FIG.34 is a routine performed by the ECU 1 1 
in the present embodiment. The routine shown In 
F1G.34 is performed once when the ignition switch is 
turned on. When the routine Is started, the process of 
step 1000 is performed first. 

[0252] in step 1000, a process for achieving the ini- 
tial actuation is performed. 

[0253] Instep 1002, the supplied oil pressure P is 
detected. 

[0254] In step 1004. it is determined whether or not 
the supplied oil pressure P is equal to or larger than the 



reference oil pressure Pq. If P ^ Pq is established, then 
tfie process of step 1006 is performed. On the otiier 
hand, if P s Pq is not established, tiien the process of 
step 1008 is performed. 

5 [0255] In step 1006,an operation mode of the sole- 
noid valve device 10 is set to be the regular operation 
mode. Specifically, in step 1006, the attracting currents 
Ia to the lower coil 62 and the upper coil 58 are set to be 
the base values 1;^^ base lA2_base> respectively, and 

10 tiie holding currentsHn to the lower coil 62 and the upper 
coil 58 are set to be the base values lHi_base and 
'H2_base' respectively, which base values were 
describe in the above-mentioned eighth embodiment. 
When the process of step 1006 is finished, then the 

IS process of step 1 01 0 is performed. 

[0256] In step 1010, it is determined whether or not 
the ignition switch is turned off. If the ignition is not 
turned off, then the process of step 1004 is performed 
again. Thus, the oil-supply failure can be detected after 

20 the operating period is started. On the other hand, if the 
ignition switch is turned off, the operation of the solenoid 
valve device 10 is stopped in step 1012 and then the 
routine is ended. 

[0257] In step 1 008, the operation hnode of the sole- 
25 noid valve device 1 0 is set to be tiie compensating oper- 
ation mode. Specifically, in step 1008. the attracting 
current 1^ and the holding current Ih to the lower coil 62 
are set to be values which are smaller than the base val- 
ues lAi_basQ and 1hi base, respectively, and the attract- 
so ing current Ia and the^holding current Ih to the upper coil 
58 are set to be values which are larger than the base 
values Ia2 base and lH2_base' respectively. When the 
process of^step 1008 is finished, then the process of 
step 1014 is performed. 
35 [0258] In step 1014, it is determined whether or not 
the ignition switch is turned off. if the ignition switch is 
not turned off, then the process of step 1008 is per- 
formed again. On the other hand, if the ignition switch is 
tuned off, the operation of the solenoid valve device 10 
40 is stopped in step 1012 and then the routine is ended. 
[0259] In the presient ennbodiment, the oil-supply 
failure is detected based on the supplied oil pressure P. 
However, when an electric pump is used as the oil pump 
83, it is possible to detect a trouble of the oil pump 83 
45 when a rotation speed of a pump motor is smaller than 
a predetermined value or a cutoff of the pump motor is 
detected. 

[0260] Additionally, in tiie present embodiment, tiie 
instruction currents to the respective coils are set to be 

50 constant values in the compensating operation mode. 
However, if oil gradually leaks out from the oil supply 
passage 80 or 82 due to a crack of tiie passage, for 
example, the supplied oil pressure P changes in accord- 
ance with an extent of the crack. The instruction cur- 

55 rents to be supplied to the respective coils change in 
accordance with the supplied oil pressure P, as men- 
tioned In the eighth embodiment. Thus, the Instruction 
currents to the respective coils may be changed based 
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on the supplied oil pressure P by the ECU 1 1 perform- 
ing the above-mentioned routine shown in FIG.30. 
[0261 ] In the above-mentioned fifth to tenth embod- 
iments, descriptions were given of current controls with 
respect to the solenoid valve device 10. However, it s 
should be noted that these current controls can be 
applied to the solenoid valve devices 200, 400. 
[0262] Additionally, the present invention is not lim- 
ited to these embodiments, but variations and modifica- 
tions may be made without departing from the scope of io 
the present invention. 

[0263] The present application is based on Japa- 
nese priority applications No. 10-331548 filed on 
November 20, 1998, No. 11-54173 filed on March 2, 
1999, No. 11 -84896 filed on March 28, 1999, and No. is 
11-105555 file on April 13. 1999, the entire contents of 
which are hereby incorporated by reference. 
[0264] A solenoid valve device (10; 200; 300; 400) 
includes an engine valve (12) which can move in an 
axial direction thereof, an armature (56, 42; 204; 304) 20 
which moves with the engine valve (1 2), an electromag- 
net (58, 60, 62, 64; 202; 302) which attracts the engine 
valve so that the engine valve (12) moves in the axial 
direction, and a zero-lash adjuster (40; 308; 402. 404) 
mechanism which Is interposed between the engine 25 
valve (12) and the armature (56, 42; 204; 304). Thus, 
the solenoid valve device (10; 200; 300; 400) can posi- 
tively actuate an engine valve (12) between a fully 
closed position and a fully opened position without for- 
mation of a clearance between the engine valve (12) 30 
dnd the armature (56, 42; 204; 304). A current supplied 
to the electromagnet may be set in accordance with a 
value which is related to a relative position of the arma- 
ture and the electromagnet. 

35 

Claims 

1. A solenoid valve device (10; 200; 300; 400), char- 
acterized by comprising: 

40 

an engine valve (12) which can move in an 
axial direction thereof; 

an armature (56, 42; 204; 304) which moves 
with said engine valve (12); 

an electromagnet (58, 60, 62, 64; 202; 302) 4S 
which attracts said engine valve (12) so that 
said engine valve (12) moves in the sodal direc- 
tion; and 

a zero-lash adjuster mechanism (40; 308; 402, 
404) which Is Interposed between said engine so 
valve (12) and said armature (56, 42; 204; 
304). 

2. The solenoid valve device (10; 200; 300) as 
claimed in claim 1, characterized in that said zero- ss 
lash adjuster mechanism is a displacement-com- 
pensating mechanism (40; 308) which can expand 

in accordance with an increase in a spacing 



between said engine valve and said armature. 

.3. The solenoid valve device (10; 200; 300) as 
claimed in claim 2. characterized In that said dis- 
placement-compensating mechanism (40; 308) can 
expand when said engine valve (12) is in a closed 
position. 

4. The solenoid valve device (200; 300) as claimed in . 
claim 2 or 3, characterized in that at least a part of 
said displacement-compensating mechanism (40; 
308) is disposed inside said electromagnet (62, 
202; 302). 

5. The solenoid valve device (400) as claimed in claim 
1, characterized in that said zero-lash adjuster 
mechanism comprises: 

a displacement-compensating mechanism 
(404) which can expand when ho compressing 
force is exerted thereon; and 
a swing arm (402) which is connected to one 
end of said displacement-compensating mech- 
anism so that said swing arm can swing around 
said one end. said swing arm (402) being in 
contact with both said armature and said 
engine valve so that said armature moves in a 
valve-dosing direction when said displace* 
ment-compensating mechanism expands. 

6. The solenoid valve device (10; 200; 300; 400) as 
• claimed in claim 2 or 5, characterized in that said 

displacement-compensating mechanism is a 
hydraulic zero-lash adjuster (40; 308; 404). 

7. The solenoid ^^ive device (300) as claimed in claim 
6. characterized in that said hydraulic zero-lash 
adjuster (308) has a sealed structure. 

8. The solenoid valve device (10; 200; 400) as 
claimed in claim 6, characterized in that said zero- 
lash adjuster (40; 402) can expand by being sup- 
plied with an oil pressure. 

9. The solenoid valve device (10; 200; 400) as 
claimed in claim 8 characterized by further compris- 
ing an oil pressure supplying mechanism (80, 82; 
206. 207, 208, 210; 434. 436; 83) for supplying an 
oil pressure to said hydraulic zero-lash adjuster (40; 
404) when said engine valve (12) is closed. 

16. The solenoid valve device (10; 200; 400) as 
claimed in claim 1 , characterized in that said zero- 
lash adjuster mechanism includes a hydraulic zero- 
lash adjuster (40; 404) which can expand in accord- 
ance with an increase in a spacing between said 
engine valve (12) and said armature (56, 42; 204) 
by being supplied with an oil pressure. 



25 



49 

11. The solenoid valve device (10; 200; 400) as 
claimed In claim 10, characterized by further com- 
prising: 

a current source (65) which supplies a current s 
to said electromagnet (58, 60, 62, 64; 202); 
a current setting part (11) which sets the cur- 
rent supplied to said electromagnet (58, 60, 62, 
64; 202) by said current source (65) to be a 
value which is different from a value used in a io 
regular situation for a predetermined period 
after said hydraulic zero-lash adjuster (40; 408) 
starts being supplied with an oil pressure. 

12. The solenoid valve device (10; 200; 400) as is 
claimed in claim 10, characterized by further com- 
prising: 

a current source (65) which supplies a current 
to said electromagnet; 20 
a relative position detector (1 1) which detects a 
value which is related to a relative position of 
said armature (56, 42; 204) and said electro- 
magnet (58, 60, 62, 64; 202); and 
a current setting part which sets the current 2S 
supplied to said electromagnet by said current 
source in accordance with said value detected 
by said relative position detector. 

13. The solenoid valve device (10; 200; 400) as so 
claimed in daim 12, characterized in that said value 
related to the relative position of said armature and 
said electromagnet is a time which has elapsed 
after said hydraulic zero-lash adjuster (40; 404) 
stops being supplied with ah oil pressure until said ss 
hydraulic zero-lash adjuster starts being supplied 
with an oil pressure. 

14. The solenoid valve device (10; 200; 400) as 
claimed in daim 1 2, characterized in that said value 4o 
related to the relative position of said armature and 
said electromagnet is an oil pressure which is sup- 
plied to said hydraulic zero-lash adjuster (40; 404). 

15. The solenoid valve device (10; 200; 400) as 4S 
claimed in claim 12, characterized by further com- 
prising a ^'lure detector (11, 84) which detects a 
feilure in a system for supplying an oil pressure to 
said hydraulic zero-lash adjuster (40; 404). wherein 

. said value related to the relative position of said so 
armature and said electromagnet is related to Said 
failure detected by said failure detector. 

16. The solenoid valve device (10; 200; 400) as 
claimed in claim 15, characterized in that said fail- ss 
ure detector detects said failure based op the oil 
pressure supplied to said zero-lash adjuster (40; 
404). 
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17. The solenoid valve device (10; 200; 400) as 
claimed in daim 12, characterized by further com-, 
prising an actuation controller which performs an 

' actuation control by actuating said armature (56, 
42; 304) from a neutral position to a position in 
which said armature is in contact with said electro- 
magnet (58, 60, 62, 64; 202) by exciting a natural 
vibration of a movable part (56, 42; 304, 12) of said 
solenoid valve device, wherein said current setting 
part sets a current used in said actuation control. 

18. The solenoid valve device as claimed in daim 12, 
characterized in that said electromagnet comprises 
a first electromagnet (62. 64; 202) and a second 
electromagnet (58, 60) which attract said armature 
(56, 42; 204) in a valve-opening direction and in a 
valve-dosing direction, respectively, and in that said 
current setting part (11) sets currents to the first 
and second electromagnets in accordance with 
said value detected by said relative position detec- 
tor. 

19. The solenoid valve device (10; 200;^ 400) as 
daimed in clairn 18, characterized in that said cur- 
rent setting part (1 1) sets the current to said second 
electromagnet (58, 60) to be a larger value as the 
position of said armature (56. 42; 204) moves 
doser to said first electromagnet (62, 64; 202). 

20. The solenoid valve device (10; 200; 400) as 
daimed in claim 19, characterized in that said cur- 
rent setting part (11) further sets the current to said 
first electromagnet (62, 64; 202) to be a smaller 
value as the position of said armature (56. 42; 204) 
moves doser to said first electromagnet (62, 64; 
202). 
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